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ATTACHMENT 1 

Brickmaker Alternative Cost Comparison 



Brickmaker Alternative Cost Comparison \e 
&m&ive 1; Wastewater treatment of excess water generated by extrusion. 

Using historical site data for on-site soils, an average value of 1 16.9 pounddcubic foot dry 

density at 15.4% moisture has been calculated. Therefore, the one million cubic yards 

of soils available for extrusion would contain a total water volume of 58.3 million gallons. 

Site data also indicates that optimum compaction conditions would result in soils exhibiting 

a maximum dry density of 133.6 pounds/cubic foot at 10.3% moisture. Therefore, 

approximately 40.9 million gallons of water would remain in the soils after extrusion, 

thereby generating approximately 17.4 million gallons of wastewater for treatment by the 

on-site A M .  A M  engineering and operational personnel have indicated that, over 

the 7-year period planned for construction of the OSDF, this volume would result in a 

minor increase in total flows and would not increase current treatment cost estimates. A 

treatment cost of $Q/thousand gallons is currently estimated for treatment by the A M .  

A total 7-year wastewater treatment cost would total approximately $1 60,000. 

Alternative 2 Soil blending prior to extrusion. 

To reduce the volume of wastewater generated as a result of the extrusion processlethe 

soils will be blended to optimum moisture content prior to extrusion. Various blending 

methods are available to accomplish this however, for estimating purposes, the following 

has been used. The stockpiled soils would be moved to a blending area and then blended 

by tilling. Costs associated with these tasks would include transporting the soils to the 

blending area and the cost for tilling, or blending the soils. For estimating purposes, no 

costs have been included for treating wastewater generated as a result of soils containing 

excess moisture. A total, 7-year cost of $860,000 has been calculated for this effort. 
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Task Order OSU-004 

statement of work 
Uranium Immobilization 

I Purpose 

The purpose of this work is to evaluate the ability a d  Capacity of phosphate rock to 
immobilize uranium. in the Femald &-Site Disposal Facility (OSDF) leadratt collection 
system. 

I1 Tasks 

1. Integrate all pertinent technical informarion used in the Fernald Feasibility Study and 
historical immobMon data to design laboratory experiments to be p e d d  in this 
effort. 

2. Conduct a series of batch and column tests, with varying exposure times (to simulate a 
range of expected leakage rates) of Femald contaminated groundwater to phosphate pea 
gravel, and by varying material volumes and size to determine the: 

0 optimal eficiency/capacity of commercial grade rock phosphate to e x m  soluble 
uranium from site groundwater. 

0 rock phosphate threshold saturation values vs time. 

3. Use laboratory methods such as XRD, SEM, micro-Raman spectroscopy, 
luminescence spectroscopy and XAS, along with computer modeling to identify the 
structure of U-phosphates formed in '2" to estimate long-term resistance to subsequent 
dissolution. 

4. Determine the bulk permeability of the rock phosphate after reaching maximum uranium 
extraction capacity. 

111 Methods 

Samples of contaminated Fernald ground water (FGW) will be obtained from 
FERMCO. These solutions will be analyzed for Eh, pH, specific conductance, titratable 
alkalinity and macro and microelement compositions. The later 2 parameters will be 
measured with ICP and ICPMS, as appropriate. 

Rock phosphate columns will be constructed by packing 20 grams of commercial 
rock phosphate "pea gravel" into 40 cm3 syringe tubes. These wili be placed on a 
mexhanical extractor (Eigure 1) and leached with FGW from a reservoir syringe.. "he 
leachate will be collected, in another syringe, at 10 mL intervals and analyzd for pH, Ca, 
U and phosphorous. FGW will be passed continuously through tbe columas imtil 
complete breakthrough of U occm. Flow rates will be varied to appFoximate nonnal 
leachate flow regimes at the OSDF Once complete break-thugb has occumd. the columns 

0, 
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will be opened up and the solid phases will be examined with XRD, SEM, micro-Raxnan 
sptcuoscopy, luminescence specmscopy and x-ray absorption spectroscopy (XAS). 
These methods arc listed in order of increasing sensitivity. The fust four analytical methods 
arc available at OSU, while the latter will be done at the National Synchrotron Light Source 
(NSLS) at Brookhaven National Laboratory (Islip, New York). 

The permeability of the phosphate r o c k w i n b e m e a s l l n d b y t h e ~  - 'onofthe . 
saarrated hydraulic amductivity 0, by a CoLIstaLIt head tddquc. Tbe packed syringes 

the rock phosphate beforc and afta exposure to FGW. "be pppa syringe, M with 
distilled water, will be a reservoir for the hydraulic head m tbe phosphate rock syringe. 
The mechanical extractor will not be used for this measurement, and the flow rate will be 
determined by gravity. Leachate volume will be measured periodically until a constant flow 
rate is measured. K, will be determined by the following formula: 

usedfor the column leaching tests will be used to ckcnnmc tbebydrau l icev i tyof  

water. volume(mL) x core - height(crn) Y -  
&3 - &a(cm2) x time(s) x hydraulic - gradient(cm) 

Data Reporting I 

Monthly progress reports will be submitted to lXRh4CO by the 15th of the following 
month. These reports will contain an experimental u p d h ,  and highllght any issues 
requiring action or resolution by FERMCO. - - _  - I 
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Figure 1. Column extractor set-up used for the column leaching study 
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phosphate amndmmia for the m v d  of umniom from sulution, and ticved lechniqucs 
wue thcn osod b identify Ihc irnrmhilir,, form of uranium remaining in Lhe soil. Thc 

idcntity of the uranium phwiphsks pncipitnted in lhia ~mccag and geochemical modeling 
of thc syxtcm an ncuwuy in determining tho cKcc3ivenc#r ps well as thc kmg lcm 
sbbility of this in stlu pmcczw. 

- - __ - - - 

Materlalscmd MetJuxis 

A m 1 J ( U d y  
Aquawn uranium ww r#rctcd with =agent gmdo phosphatc to detenninc if the 

Rdditian al' a phosphate wncndrncnt cwld wcccsfifully reduce thc queous uranium 
amcentration. ilydmxyapalile Tmm J.T. Rakcr Inc. (Philllphurg, NJ) 
Caldpo&,(OII& a high purity colciurn phaqphatc wu.. used as thc urnendmcnt. The 
iqmw uranium urted in thcrro oxperimcntn w w  prepad by dissolving rwgent gradc 
u r i i u m  nitrutc UG(NO&H20)6 in ultra-pun: watcr. A~WUN uranium of 500 mg U L  

as U&* wux lcRclcd with hydmxyqxuilt (HA) 81 pbtqhatc ram 0.33.65, wtl6!io mg 

I 
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PI L in 50 ml polyauhnatt mtfifage l u b .  Comspndinjj to &Os 6. IS, 12.3. and 123 

mg of HA reacting with 35 ml of 500 trig UJ/Ih Thc m p l e s  w m  niwhanically shaken 

for 7 h y ~ ,  filtacd, wd lhen andyad far 4ucous uranium. -- 
dctcrmtno whiob amondrseRtR am tie amt cftiactivc fir immobilizing d u b k  uranium. 
Thc phosphate amendmar$ LEIiuJ in that oxpcnmwts wcm rcrytnt gradt IIA, 

mnohmic calcium phoxphls (MCP), CtihorsSC calcium phc#phatc 0, and o pwnd 

fluom-aputitc ( C ! , o ( p o 4 ~ ~ )  phcrrcphnto ruck (PR). In these expcrinlcnts, 5 8 01 

contminated soil wm d wtth 0.0. 0.5, 1.0, 15, and 2.0 g of each phnsphac~ 

nmcndment (HA, MCP, IXP, PR) in IO ml of ultra-pure watcr in .SO mi plycubonale 
oentrifuGo tubes. Sampk were dmkcn for 4 hwm and rhon cxafrifugcd, fill#cd, anii 
onrlynwi for pH and q u m ~  uranfum. The two most effective Wphuc amcndmcnts 

lbur dmmt trpcsorplm6phaa umce maed arirh thc tm, Fbrnrdd wila Lr, 

for tho roductim of nmnium fmm solution woru used in thc mndnder of tlK: sludy. 

Colmnn~MngStudy 
Thc mils will be p l d  in a landfill at IbnJd; thtreforc, Ihc long-term W w a y  

for human cxpoaure will bc viu contarninaid gmun3watcr. llwmfare, to - h e  

pcrformm and stability of this fn 3i.w process, contuninsled wit anrl phosphntc 
crmcndorl contaminatcd soil were txttsctcd mechanically with H2O OT simulated =id rain, 

HSO4 (pH 4). 

With this method (figurr: I). thc hitching ratc and oxmiion dme can hc 

conrmlld. In performing these cxtructionr, 60 ml polyethyknc s y r i q p  us u d  far the 

cxtractlaii solution rcwrvoir, mplc  oxlraction, and leachate collcction. 'Ihc cxlrrrcling 

whtiun reservoir is placed on tap of the m p l c  extraction tube. ad cxtruciing mlution is 
loac.hed through the extraction syringe as a plunw in tho lawhale collcclion syringa is 

withdrawn the bmc (hy EL mcihnicul m w  jnck) cwting a vmum. Cilws wool WBS 

pluced in thc bullom of thc axlmcting fiyrin8e Ln prcvcni Lhc Karnplc fmm king pull4 

into tho Icllchatc ~ l l w i ~ ~ m  rryrinm Jurina lhc latching pmccss. In the txtmctina syringa, 

20 g of coniriminatoJ mil rurd HA or PH (ut two diffmnt mc,) was allowed to rcw for 7 

2 



, , ,,_ j" -, , . . . ' ..__ --. ... . .. . ,-.. ._ . . . , . - . ._ .. . .. . . , . . . . ___.-_. , .. - . . . 

a 
Plmphiit~ wiw lnldtd to thc soil hy e i k  mixing thc phc=phaze amendment with the soil 

m i x 4  wilh 5 g of solid fw 30 min. A h  this mixtum w a ~  cmtrifogd thc high density 

solids we= from in liquid nitrogen 60 tho light fraction could hc rli,scdaJ. Thc 

samples wcm hen filmed trnd ddcd. so ihul they muM be and+ by X-ray diffraction 
(X@>) for soli& i b t i f i i o n .  
Anelyticsr Metbodm - -  _ _  

- 

All mspcnsiorrs w m  filtcd through 0.2 pm polycarbonotc mmtuane filter 

pap". mltnrlezr wen d y z d  for Ca, P, U and pli. Wnplcs in all thc studics ware 

p q m d  in tripllcatc and wee pUrwmcd in acid-wahed (0.1N HCI) plycarbonate 
Irrhwarc, unlcss mud uthmvisc. 

A Perkin-Hlmei 3(MoB atomic ahsorption apectnrFhcH&~~tcr wa! u d  (4 d y n e  

far total dissolvrd Ch. Total dissolvd P WM met~vred c o l o r i ~ c s l l y  with o V d a n  

Cpry 3 SpeWophotommr. Tobl dissolved U WM mewiurcd with o Pcrkin Hmcr Urn 
,5000 ion coupled plasma m w  qxctmphotomdcr (KIP-MS), and waah-out times of up to 

5 min. were u d  when high sample amccnlnttianrr rcrrulted in .satnwtlng the dcta!€or. All 

domental &andads war0 pmpilred from IO00 mgh .stock rsolutions. An Orion R d  
EA 920 was uyBd for all pIl rnca.urcmcnL% Minerdlogid unirlysis WSL. pcrfmd wing 

11 Philips X-my dHractomctcr using Cu K-a radiation. 

3 



UbIc I ,  thc final nquetwrr conccnltationw d calcium and phomphak also incmwd as rhc 
Camtration of HA incsad. I1 shoultl be nollcd lhat in h i s  aksdy a pm5ptt.l. was 

fornicrl. W l m  HA (a white powder) was added to (hc aqucoun uranium .solution u yellow 

precipilate fonncti instantannwsb. Thc data fmi lhis prcllminruy study ~uppom the 

hypothmis of disaolulian of the phosphutc mndmcnt, and thc precipitulim of M 

insuluhle umium solid. 

Ratcb Smdy 

' I ' b  ms;ult~ of thii s!udy an: nhown in Tablo 2 (mil #MXll60829( 19) is laholed A 

mtl ,wit #200160830(22) is lahelcd B) and illucn* in Pipmi 3-6. Sui1 A ylold#1 an 
qumur uranium mnccnmdkm a f2!  crg L J h  and dl 13 IO300  W L  From !hie daln 

it is evidcn1 lhur mil I3 Is mpuble of lcuohing highcr c o n M M U h K  of uranium thun mil 

A. HA. JXT, und YH weft all effcctivc phosphate mmdmcotu h r  thc rmnoval of 

umnium from solution (bigurn 3 and 4, p. ). With thc highcst phusphatc mts of 2.0 

85.0 8 of .mil, thc aqueous urwium ooncentntions wcn ndud k, 4.Y7 pg/L with HA. 

727.5 p@l. with DCP, and 374.1 with PR w i n g  soil A. Using mil B. quww 

uranium calix&& 'om wcrc ndnced to 37.8 pg/L with HA, 2618 p#L with DCP, and 

3403 p@L with PR MCP waq m offcdivc t-ment at low mts ,  but (ui Ihc ndc 

incmsal the aqncour u d o m  ctrrrccntralian inc&. MCP was incffeaiuc u high 
rate% bccuse, tut MCP dissolves. phosphdc mid is produced tui II mction prrduct. 
Sincc very hi@ cr)ncentrationa of phmphatc wcro used in this atudy. thc dissolution 

reaction of MCP multc; in a lower solution pH, allowing unvlium to rcmtiin in solution 
i n P t d  of prrccipiltlting (J5gum 5 and 6). From ihc results uf thin study, HA und I'R wcrc 
chosen as fhe most pmmiaing phosphate amcndmoniu and wcn u d  in thc mlnrrindcr of 

I 
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cnrichmcnt of I d  phwphatcs. it failed ro ct#wzntrtlte Lhu minium solidti. Thin occumd 

hecausc lhc leachatc umnium conccr#miion from tho mil is mlurivdy low and a d l  

oiiKlunt of uranium d i d  is king  formcd. Sample.. from Iht intctftm of tbc mil and 
phosphate, h m  Lht layctcd column leaching rrudy samplc~ were a b  wed t<r uttempt to 

idontify [he uranium solids formed in lhese studies. Rut, tho only ichiliaitioas thut 
coutri hc rrmdo were thc pta(sentr of tho phosphate amadmcat Lhrl was u . 4 .  Si= the 

aqucoun nludy p m d d  a 1- quantity uf umnium p i p i t -  the* d i d r  wcrc 

mlyzml wih  XRD. rm rhe XRD Pptlbwng (FQpre 7)  h wn he mn that wbcn HA is 
rcactd with qumus umnium nitrutc iht  solid autunite ( C a ( l ~ P Q & * I O H @ )  in 

formcd und 1(1\ i s  Jiswlvcd. PR ww mu~.led with uranium nitme, following thc aqueous 

study praccchs, to cltlcmpt to idcntify ~ h c  uranium solid formed in this -don. But, 
thc minium phrwphute mlld rormcd in this Radon w i d  not h ddectcd with X U .  

5 



Ctmdtuimv 

From thin work, it wax l i d  that thc rddilion of A pholfphak urnmr<lnEnt to the 

uranium mib f&m I W d  111 PII e4focrivc p~acaar for the rutuivril of 
uruniurn form I- l a ~ f o ~ r m  -q i i t i k ~ ,  
hydroxyapatite and phospbtc mck w m  bund to be the maBt efkdve. 

kwhing study showed rhH! tho addhbn d phutlphate d n i l y  llcmovcn uranium from 

solution reg8"ilws of the extrading Kolurion u d  and thu mrrrmc~ in whicb Ilw phosphite 

and soil urc contacted (mixd or laycred). I k  mly mlid that has hocn idcntificd at t h i w  

time iB autunilo (Ca(UQh(PO&*lOHfl), which was forrned in (hc SquCQUs study. 

XRD was unable to icioniify the untniurn .uoli& formed in lhrt butch und column Itaching 
studics, bccausz the mnccntnrticm of tho uranium umnprurrdrr arc In0 low. Oihcr 

techniqucx such as scanning clcctm miurmpy and M e r  mnafonn infra& 
spectroscopy are d c d  to determino thc actual Nolids k ing  formcd with this p n w .  

Oncc the actuul adid fonn(r) tr anmiurn hat IFC bcing produd with this p"yx,ys arc 

known, the mud Jmg t i m  fitability of the umium phoqhim CM bc dctcnnincJ and 

mcdeld. Thc &ling tha has bccn done for his project will be tidmittcd in a .scjmratc 

-fl* 

W L L ~  lhc mcr~t dT"h dn~e h b 8 p ~ r ~  grad0 Crlemm w a t a  A cdumn 

' 

83C 
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I ’  sass wool _ _ _  

Plunged Syrlnge 

Base 

, 
klgure 1. Calumn extractor .sct-ap us@d for Ihc column lcuching xtudy . 
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0 1 2 
Phoqdratc Addition (g) 

Ngnre 3. Chaagc in IJq as phosphwe umcndlacat ix incm.lPd. 
Batch S d y :  Soil 200160829(1!4) A 

w#K) 

moo 
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Figure 5. Filtmtc pH for batch xtudy simplm (mil 200160829(19) A) 

10 

0 

6 

4 

2 

0 

_ _  
1 -. 

I -  

- - -  L c i J  
. . - -. - I . . . .  1 

0 1 2 3 
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Ngnre 6. Filtntle pH for Hatch Study Samplcx (mil 20060830(222) B) 
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Figure 7. Formtion of Autunite fiom the read 
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Potential Use of Phosphates For In Situ Immobilization 
of U in Contaminated Soils 

by 

SamueJ J. Traina 
School of Natural Resources 

\ L  

The Ohio state university 

Contamination toxic trace metals such as Pb, Cd, Zn and U and 

other actinides represents one of the most pressing and potentially costly 

threats to our nation's water and soil resources as well as a serious threat to 

human health. Toxic trace-metal pollution has resulted from diverse sources, 

including leaching of acid mine tailings, disposal of trace-metal wastes in 

inadequate landfills, use of metals in urbankuburban development, and the 

processing of nuclear fuels and ores for energy production and the defense 

industry. Today, considerable attention is being focused on developing 

technologies for remediation of trace-metal contaminated sites. Unfortunately, 

current technologies can be extreme and costly, soil washing, incineration, and 

vitrification (6-1 1). 

The approach proposed herein deals with a potentially more cost- 

effective and versatile method of trace-metal remediation: induced in situ 

formation and of geochemically stable trace-metal and actinide precipitates. A 

substantial body of work has ,been published on the geochemical stability and 

ubiquity of trace metal phosphates in soils, natural waters and biological 



systems (q2-34). This sha!! focus on Wlking apatite (hydroxyl-, chloro- and 

fluoro-) minerals to induce in situ formation of stable forms of toxic haevy 

metals and actinides in contaminated soils. Traina and cowockecs (35-39) 

have found that readion af conce- solutions of Pb sal@,(> 5- Pb L') 

with apatites resutts in the formation of chloro-, fluoro- or hydroxylpyromorphite 

(Pb10(P04)6(X)2, where X = CT, F, or OH) and aqueous Pb concentrations 15 

mg L-'. Lower concentrations of Pb are almost completely sorbed, but the solid 

phase is not readily detected by conventional x-ray diffraction (XRD). The 

equilibrium solutions are undersaturated with respect to known Pb or Ca 

phosphates, oxides or hydroxides suggesting the possibility of mixed-solid 

formation. In contrast, Zn and Cd are readily sorbed by apatite, but chemically 

distinct reaction products have not been identified by XRD or electron 
_ _  - -  --  - 

. >  . . .  _ .  microscopy (39). - .  

Apatite Mineralogy: Of all the phosphate minerals, the apatites are by far the 

most abundant (40). Fluorapatite (Calo(PO&F2) is the major apatite mineral in 

nature, including the parlially carbonated or hydroxylated varieties. The general 

formula for apatite is : 

where M = Ca, Pb, Na, K, Sr, Mn, Zn, Cd, Mg, Fe2+, AI, and the rare earths 

(especially Ce); R04 = PO,, CO3, HP04, P207, As04, V04, SO,, and SiO,; and 

X = OH, F,,CI, H20, and Br. 

2 
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In the case of fluorapatite, other ions can substitute for Ca, PO,, and F, 

as indicated by M, R04 and X, respectively. These substitutions affect the 

crystallinity, morphology and lattice parameters of the apatites and, 8s a 

consequence, atter their stabilii (41). Naturally occming apatites cay\ be , 

divided into two major groups: 1) the apatite series in which Ca is the dominant 

cation, and 2) the pyromorphite series in which the dominant cation is Pb. 

Lead does not substitute to a large extent for Ca in the apatites series, and Ca 

does not substitute in large amounts for Pb in the pyromorphite series (40). 

The existence of naturally substituted apatites along with an apparent 

stochiometric release of Ca during cation sorption, has led many investigators 

to assume the sorption of trace metals by Ca-apatites results from 'ion- 

exchange" with Ca (22, '23, 34, 41, 42). Typically, these studies have been 

conducted in solutions undersaturated with respect to the Ca-phosphates. 

Thus, release of Ca from apatite dissolution can not be ruled out. Xu et al. (39) 

found that under conditions of controlled pH, Zn and Cd sorption by 

hydroxylapatite actually lowered the total dissolved Ca concentrations below 

those measured in trace metal free suspensions of apatite. Apparently 

coprecipitation with Ca and not "ion exchange" may be a reaction of 

importance. 

Metal Immobilization by Apatites: As indicated above, many investigators (35- 

38) have explored the efficacy and geochemical basis of Pb-immobilization by 

hydroxyl-, chloro- and fluoroapatites in model systems and contaminated soils. 

Work has also been conducted on the attenuation of dissolved Zn and Cd by 

3 



sorptior! to apatites (39). These investigators Rave shown that reaction of Pb- 

contaminated materials (solutions, soils and sediments) with natural and 

synthetic apatites results in aqueous Pb solubilities at of below drinking;watet. , , 

limits proscribed by US EPA (15 mg L-'). Ma,& al., (35-38). attrit>uted,$hese:,.:.-. . . .  :,, 

'results to the dissolution of apatite followed by the precipitation of'.'& 

: '.. . , ,' ::.:..::':;,;: . I , . i . 
_ .  ,.,, . ,.: .. . : ._.. i; :. .. . . ... ,,. :... . . . .  . 

3 .  Z'. ..~'_.... 'I. , '  
7 , .  .. . . . .  . 

.. ' . . . . : ',,".<'' ;_ .  . .  

phosphates, most notably chlore, fluoro- or hydroxylpyromorphite (Pb- 

10(P04)&)2, where X = CI', F, or OK). This process was described by the 

general reactions: 

Calo(P04)6(X)2(c) + 14H' = 10Ca2' + 6H2Pm- + 2H2X (1) 

Discrete reaction products were detected by powder x-ray diffraction (XRD) and 

by scanning electron microscopy (SEM) in model aqueous systems when the 
. .  

initial aqueous Pb concentrations were in excess of 5 mg L". The discrete Pb- 

bearing solids had different crystal structures and particle morphologies than 

the original hydroxylapatites and did not contain Ca (within the detection limits 

of energy dispersive x-ray fluorescence), discounting the possibility of Pb 

sorption through ion substitution (35). XRD-detectable pyromorphites were 

also found after the reaction of Pb-saturated cation exchange resins (which 

supported dissolved Pb concentrations < 1 mg Le') with hydroxylapatite (35). 

Due to the quantitative limitations of XRD and to sample complexities, the 

6 
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effects of apatite additions on the solid-phase speciation of Pb in aqueous 

solutions with initial Pb concentrations < 5 mg C1, and in contaminated soils 

and sediments, could not be determined. 

Nh et al. (36) examined the effects of m, CI, F ; Q ,  and C Q  on the 

immobilization of aqueous Pb by hydroxyl apatite. Lead concentrations were 

reduced from initial levels of 5 - 100 mg C' to below 15 pg L-' except at very 

high C03. Hydroxylapatite was transformed to hydroxylpyromorphite after 

reaction with Pb(N03)2 in the presence of NG, SO,, and C h ,  to 

chloropyromorphite (Pbs(PO&CI) after reaction with PbQ, and to 

fluoropyromorphite (Pb5(P04)3F) after reaction with PW2, respectively. These 

reaction products were identified by XRD and SEM. , 

Many soils and sediments also contain trace metals such as Zn, Cd, Nil 

Cu, Fe2+, and A. These ions have varying effects on Pb immobilization by 

apatite (37). At initial solution concentrations of 20 mg C' these ions had no 

discernible effect on the immobilization of dissolved Pb by hydroxylapatite. 

Additionally, significant quantities of these metals were also removed from 

solution. At greater initial concentrations (> 20 mg L-'), dissolved Cu was the 

most effective in inhibiting Pb immobilization by hydroxyapatite, followed by 

Fe2', Cd, Zn, AI, and Ni. Hydroxypyromorphite was the only mineral detected by 

XRD besides hydroxyapatite after Pb reaction with hydroxyapatite in the 

presence of these metals. The amounts of hydroxypyromorphite formed (as 

determined from the XRD patterns) decreased with an increase .in competing 

metal concentrations. The order of inhibition of hydroxypyromorphite formation 

5 ~ 0 0 0 ~ ~  
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was positiveiy correlated with the solubility of the other metal phosphates 

supporting a mechanism of competitive precipitation. However, no other metal- 

phosphate precipitates could be detected with XRD or SEM, (37). 

Reactions of natural carbonated fluoro- and chi- with 

dissolved also resulted in the formation of XRD detectable pyromorphites (38). 

~ -- . L  

Amendment of contaminated soils with these materials again reduced 

dissolved Pb to concentrations 15 mg L" (the EPA drinking water limit). 

Hydroxylapatite has been shown to be an effedive sorbent for both 

dissolved Zn and Cd (39). Reaction of dissolved Zn and Cd with 

hydroxylapatites did not produce FTlR or XRDdetectable Zn or Cd phases (39). 

Additionally, model solubility calculations (MINTEW) showed that the 

experimental solutions were undersaturated with respect to all known Zn and 
- -  - _ _  

Cd phosphates. No changes in the microtopologies of the hydroxyl apatite 

were evident in SEM micrographs nor were any new crystalline phases 

detected. Electron microprobe measurements indicated approximately uniform 

distribution of Zn and Cd across the surfaces of the hydroxylapatite particles. 

Xu et al. (39) postulated that Zn and Cd sorption resutted from coprecipitation 

with Ca as phosphates. However, surface sorption and diffusion of Zn and Cd 

into the apatite lattice could not be ruled out. 

Recently, Laperche et al. (43), showed that apatite amendments to soils 

contaminated with Zn, Cd, Cr, Pb, and Cu decreased plant uptake- of these 

metals. Furthermore, these investigators were able to show with direct 

000033 6 
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physical methods that apatite amendments resulted in the conversion of pre- 

existing Pb solids in these soils to the Pb-apatite, ,pyromorphite. 

Uanium-phospham The reaction of actinides with phosphates has long 

been a subject of study. Natural U(W)+hosphates have been identified in 

Alligator River Province in Australia. These formed during the oxidation of U02 

the subsequent precipitation of U-phosphate (44). Phosphate induced 

precipitation of U has also been reported in South Africa, in U-ore deposits in 

Zambia, and in the Ceara uranium deposits of Brazil, (45, 46). Recently, U has 

been shown to be associated with P in at least some mineral grains at the 

DOE Fernald Environmental Management Project Site (47). 

The geologic association of U and P has led a number of investigators 

to explore the possible use of phosphates to attenuate total dissolved UO? in 

contaminated waters and soils. Brown et al. (46, 48) and Murray et al (49) 

reacted calcareous glacial-till with Na- or K- phosphate solutions (0.1 mol C') 

to induce conversion of carbonates to apatites. This material was then reacted 

with waste waters rich U O F  and Ra. Exposure to the phosphate-modified 

amended sediments caused a significant decrease in dissolved Ra. Data on 

dissolved U was not reported, but in a related experiment, the authors reacted 

laboratory solutions containing approximately 1 mg U C' as UOT , with a 

natural fluorapatite from Florida. This resulted in an attenuation of dissolved U 

to a concentration of 1 pg L-' (46,49). 

7 008034 
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Morrison and Spangler (50) evaluated the utility of 24 different materials 

as geochemical barriers to attenuate the transport of dissolved UOF. A 

complete list of test materials is given in Table 1. Solutions containing 30 mg 

U L" as UQ*, were reacted with the test materials. Dissolved U was 

measured after a 14 day reaction time. The most effedive material in 

attenuating U was fluidized bed fly ash, followed by reagent-grade 

hydroxyapatite. The later reduced the total dissolved U concentration to 20 pg 

Le'. A natural phosphate rock from Soda Springs Idaho was not effective 

causing no detectable change in dissolved U. It should be noted that this latter 

material is an igneous apatite that exhibits extremely slow dissolution rates, 

and is also ineffective in reactions with dissolved Pb (39). The hydroxyapatite 

exhibited optimal attenuation of U in the pH range of approximately-5.5 to 7.5 

8 
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Table 1. Materials used in batch attenuation tests by,Morrison and Spangler 

(50). 

Material Approximate Equilibrium Dissdved U 
(mg u c') 

- 836 

~ 

BaC12.H20 
CaCI2.H20 
Ca(W2 
clinoptilite 
subituminous coal 
Fe( N0&9.H20 
FeS04 

hematite 
magnatite 
fly ash F 
fly ash C 
fluidized bed fly ash F 
FeO(0H) 
gypsum 
lignite 
Ca-montmorillonite 
sphagnum peat moss 
phosphate rock 
hydroxyapatite 
quartz sand 
sawdust 
W H ) 4  
anatase 

Fe2(so4)3 

~ 

0.04 
30 
0.19 
24 
12 
26 
30 
28 
10 
25 
24 

0.08 
0.01 
17 
nr* 

0.48 
25 
0.33 
30 

0.02 
nr 
3 

22 
0.03 

'nr = not reported 

tt is apparent that phosphate amendments offer significant potential 

when used for in situ immobilization of UO? in contaminated soils and 

sediments. The basis for these reactions lies in the low solubility of many of 
, 

the U-phosphate species. Table 2 contains the solubility products for a 

number of selected U-phosphate solids. The values in Table 2 are based on 
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the stoichiometric dissolution of the solids in question, and the conversion of 

-I po4% to HPO~-. 

Tabk 2. Solubility products for seleded U-phosphates . 

Source Solid log KSP 

-14.03 
-27.03 
-25.33 
-24.68 
-22.62 
-23.92 
-24.13 
-23.80 
-24.74 

51 
51 
51 
52 
53 
53 
53 
53 
53 

It is evident that the formation of U-phosphates represents a possible means 

of stabilizing U in situ in'contaminated soils and sediments. Applicdion of 
_ _  _ _ -  

~ 

phosphate as a dissolved salt or as a solid such as apatite should result in ' 

precipitation of U-phosphates. The latter case can be described by eq. 3 

Ca5(P04)30H + 2UOp + 9 H20 w 4Ca2' + HPOZ- + Ca(U02)2(P04)2 (3) 

which has a log K of 24.68. Clearfy formation of autunite at the expense of 

hydroxylapatite is thermodynamically favored. 

Alternate Immobiliition Methods: Whereas, examination of the literature 

described in the comprehensive bibliography in Appendix A, indicates that other 

materials could prove useful in immobilizing U in situ, these other methods 

have a number of particular serious limitations. Hydrous Fe(lll) oxides and 

smectites are extremely effective in adsorbing the uranly ion to surface 

functional groups. Unfortunately, in the former case, changes in redox potential 

10 
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can lead to dissolution of the oxide before conversion of UW) to U(N) resulting 

in a remobilization of the adsorbed U. Immobilization with clays or zeolites can 

also be problematic since these ions on the exchange sites on these minerals 

can readily be displaced by other dissolve species. Sirnilam, uranly ions 

bound to organic functional groups on vats or other organic exchanger 

phases can be released back to solution as a result of displacement by other 

ions or form degradation of the organic substrate by microorganisms. 

Conclusions: The in situ immobilization of U in soil through the addition of 

soluble or solid phase phosphates is a potentially viable technology for the 

management of U wastes. Extensive literature exists to show that the 

formation of heavy-metal phosphates in soils and sediments can be induced 

through the addition of solid-phase Ca-phosphates. When coupled with 

previous solution studies on UO? adsorption to apatites and the 

thermodynamic stability of numerous known U-phosphates, it is apparent that 

these solids will likely be stable in subsurface geochemical environments. 
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ATTACJXMENT 3 

Technology Review Summary Table 
Geo Chemical Barrier 



Sodium Ortho- 
phosphate 

Presented 
1995 

Immobilization of Uranium Transport in 
Soils using Phosphate Amendments 

Rock Phosphate 
Calcium 
Phosphate 
Diammonium 
PhosDhate 

Laboratory Batch Equilibrium 
Small Column Elution 
Large Column "Lift" 

Technology Revlew Summary Table - Geo Chemical Barrier 

Research Organization Time 
Frame 

~~ ~ ~~ 

Study Contaminants Media 
of Concern 

Laboratory - Scale Tests of a Chemical 
Barrier for use at Uranium Tailings Disposal U, Mo. Fluid 
Sites 

Extraction of Uranium and Molybedenum U, Mo. Synthetic Pore 
from Aqueous Solutions Fluid 

Synthetic Pore 

Reactants Conditions 

FeSO,, Ca(OH), Laboratory Batch, Column 
Testing using Synthetic Pore 

Fluid 

DOE Environmental Services Lab 
Stan Morrison, ( 970) 248-6373 

Published 
1991 

DOE Environmental Services Lab 
Stan Morrison, Robert Spargler 

Published 
1992 

~~ ~ 

Laboratory Batch Testing 
24 Reactants I 

Sandia National Laboratories and 
Pacific National Laboratory 
Diane Marozas, (505) 844-5504 

Presented 
1995 

~ 

Groundwater Reactive Barrier Treatment of 
at Uranium Mill Tailings Sites 

Catalyzed Steel Laboratory Bench (Batch) 
Wool Testing 

Sandia National Laboratories and 
Pacific National Laboratory 
Diane Marozas, (505) 844-5504 

Reactive Barrier Treatment of Groundwater 
at Uranium Mill Tailings Sites 
Pilot Demonstration - Durango C.0 - 1  Disposal Cell 

Leach at e 
Steel Wool 
Catalyzed Steel Field Pilot Test 
Wool Metalic 
Iron Foam (AFO) 

0 n g o i n g 

Morrison Knudsen CorpJJacobs 
Engineering 
Weldon Springs Site Remedial Action 
Project 
Marorie Wesely - Disposal Cell Design 
Manager, (3 14) 441 -8086 x7020 
Jean Pier, (314) 441-8086 x3538 

Investigation of Leachates and Geo 
Chemical Barrier for the WSSRAP Disposal 
Cell 
(1 /20/97 Telecon with 
M. Weseley indicates a peat-zeolite barrier 
has been incorporated into the design) 

Laboratory 
Generated 
Leachate from 
(WS) On-site 
soils/sludges 
stabilized 
wlcement and 
grout 

0 n g o i n g U 
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Oak Ridge National Laboratory 
Chet Francis 
(61 5) 574-7257 

I U (FN) On-Site 
Soils and 
Simulated 
Groundwater 
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Research Organization Time Study Contaminants Media Reactants 

Alliance of Ohio Universities Phosphate - Induced Immobilization of U (FN) On-Site Hydroxy-apatite 
Ohio State University Uranium in Fernald Soils Soils and Lab Phosphate Rock 
(FN) Dick Scheper 1995 . 

OSU - Samuel Triana 

Alliance of Ohio Universities Phosphate -Induced Immobilization of (FN) On-Site 
Ohio State University Uranium for Fernald Groundwater U Groundwater Phosphate Rock 
(FN) Dick Scheper Ongoing 

OSU - Samuel Triana 

Pacific Northwest Laboratory Hanford Pilot Study Chromate Groundwater Dithionate 
Jonathan Fruchter Ongoing (Insitu Redox Manipulation) 

Frame of Concern 

Simulated Acid 
Rain (51 3) 648-4376 

(6 14) 292-9032 

(51 3) 648-4376 

(61 4) 292-9032 

(509) 376-3937 
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Conditions 

Laboratory Column Leaching 

Laboratory Column Leaching 

Field Pilot Test 
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Coupled hydrogeochemical modeling of a chemical barrier for 

controlling uranium(V1) contamination in groundwater 

Stan J. Morrison', Vijay S. Tripathib, and * R o b e r t  R. Spangle* 

'Environmental Sciences Laboratory, Grand Junction Projects 

Officet, P. 0. Box 14000, Grand Junction, CO 81502, USA . 

bECR, 6518 El Nido Dr., McLean, VA 22101, USA 

tThe Grand Junction Projects Office is operated by 

RUST Geotech Inc. for the U.S. Department of Energy 

ABSTRACT 

Adsorption of uranium onto amorphous ferric oxyhydroxide can 

be used for in situ containment of uranium(V1) present in mill 

tailings and for prevention of potential groundwater 

contamination. Adsorption of uranium(V1) is strongly influenced 

by groundwater chemistry, especially pH and total dissolved 

carbonate concentration. To evaluate the effectiveness of 

adsorption onto amorphous ferric oxyhydroxide as a containment 

barrier, the extent of uranium adsorption was quantified as a 

function of solution chemistry and other adsorption parameters. 

The adsorption model was used within a coupled hydrogeochemical 

------- 
correspondence to: S. J. Morrison, Environmental Sciences 
Laboratory, Grand Junction Projects Office, P. 0. Box 14000, 
Grand Junction, CO 81502, USA 
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transport model to evaluate the conditions under which amorphous 

ferric oxyhydroxide can be effective in preventing groundwater 

contamination. The modeling results depicted spatial and 

temporal evolution of the tailings-groundwater system and 

permitted delineation of the uranium(V1) plume h groundwater 

under different scenarios. 

of uranium(V1) onto amorphous ferric oxyhydroxide can be an 

effective mechanism for preventing release of uranium(V1) into 

groundwater especially for neutral-pH mill' tailings. It was also 

found that essentially no retardation occurred in tailings with 

alkaline pore fluids. An economic analysis showed that the 

amorphous ferric oxyhydroxide treatment can be applied to 

neutral-pH mill tailings in a cost-effective manner. The results 

obtained in the study support the conceptual foundation of 

geochemical engineering in waste management. 

The analysis showed that  adsorption 

- _  - _  

INTRODUCTION 

Approximately 1.6 10' m3 of contaminated uranium mill 

tailings reside in repositories in the United States (Miller et 

al,, 1987). At many of these sites, contaminants are migrating 

in groundwater and threaten potable water supplies. 

contamination is also present in groundwater at many U . S .  

Department of Defense and U.S. Department of Energy facilities 

nationwide as a result of uranium processing for both defense and 

Uranium (VI) 
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civilian needs. Economical methods are needed to prevent 

contaminants from 

from contaminated 

occurring earthen 

yet, U(V1) plumes 

entering water supplies. Uranium(V1) migrating 

sites is retarded by adsorption on naturally 

materials including ferric oxyhydroxides; and 

are known to have migrated several miles over 

periods of several decades. 

hypothesis that by artificially augmenting the naturally- 

occurring adsorbents, U(V1)  could be retarded sufficiently to 

meet regulatory requirements. 

hydrogeochemical reaction/transport modeling in the development 

of efficient remediation tools is demonstrated. 

This study was designed to test the 

The utility of coupled 

Processes that influence the transport of U(V1) include 

adsorption, aqueous complexation, and precipitation reactions. 

The hydrogeochemical simulations presented here are based on a 

geochemical model presented in the companion paper (Morrison et 

al., this issue). 

adsorption of U(V1) onto amorphous ferric oxyhydroxide over a 

wide range of major ion concentrations likely to be encountered 

The geochemical model accurately simulates the 

in contaminated groundwater associated with uranium mill 

tailings. 

Geochemical models coupled to groundwater flow models 

accurately simulate the evolution of groundwater chemistry. 

Several computer codes couple solute transport with chemical 

reactions. HYDROGEOCHEM (Yeh and Tripathi, 1990), developed at 

3 



the Oak Ridge National Laboratory, has an advantage over most 

codes because it iterates b,etween the transport and chemical 

reaction steps until a predetermined convergence is attained. 

Inaccurate results are obtained when only a single iteration is 

used (Yeh and Tripathi, 1991). HYDROGEOCHM performs two- 

dimensional, saturated/unsaturated, variable-pH simulations, 

Most transport models used routinely to predict contaminant 

migration for the purpose of planning remediation efforts employ 

a constant distribution coefficient to simulate retardation. 

A distribution coefficient is the ratio of contaminant 

concentration in the immobile solid phase to the contaminant 

concentration in the mobile fluid phase. Reaction/transport 

models have shown that (1) solutes can be more concentrated away 

f r o m ,  rather than near, the source (a result that is 
- -  _ _  - - 

~. 

mathematically impossible in a model using a constant 

distribution coefficient); and (2) distribution coefficients can 

vary by more than 6 orders of magnitude (Yeh and Tripathi, 1991). 

Coupled reaction/transport models more accurately simulate 

groundwater chemical proces-ses than do distribution-coefficient 

models. 

Two previous studies used reaction/transport modeling to 

explain contaminant migration from uranium mill tailings. 

Narasimhan et al. (1986) simulated the position of a sulfate 

plume that had migrated away from acidic ( p H  = 1.48) uranium mill 



. 
I 

tailings at Riverton, Wyoming, Using a reaction/transport model. 

In their model, the tailings chemistry was modeled as an 

independent infiltration simulation, thus decoupling it from the 

I 

e 
transport simulation. Morin and Cherry (1988) used a dynamic 

mixing-cell approach to simulate major-ion (Fe, Ca, Al, SO,, C, 

and H+) migration from an acidic (pH S 4.8) uranium mill 

tailings pile in the Elliot Lake region (Canada). The 

simulations presented here differ from both previous studies in 

the following ways: (1) pH is moderate to high; (2) tailings 

chemistry is coupled to the chemical transport in the underlying 

aquifer; (3) an iterative numerical solution is employed instead 

of a mixing cell approach; (4) adsorption reactions are included; 
I 

and (5) the simulations are used to examine the viability of in 

situ remediation technology. e 
The model simulations presented are for a possible 

repository design for a uranium millsite at Monticello, Utah. 

. The repository would consist of an excavation filled with mill 
tailings up to the natural contour of the land surface. A low 

permeability 

the tailings 

earthen cover (about 10 feet thick) is placed over 

and extends above the pre-repository land surface. 

Both acid (H2S04) and alkaline (Na,C03) - milling circuits were 

used to recover uranium and vanadium at the mill. Residues from 

the milling processes are stored in four tailings piles; 

Carbonate, Vanadium, Acid, and East Piles. The Vanadium Pile 

5 



contains gore fluids with pH values ranging from 7 to 13 and 

alkalinities up to 9,000 mg L" as CaC03, suggesting that at least 

some of those tailings were derived from alkaline milling. 

Despite the historical name of 'Acid Pile," pore fluids in those 

tailings range in pB from about 7 to 8.5. Pore fluids in the 

East Pile tailings range in pH from about 7 to 8 and those in the 

Carbonate Pile from 7 to 7.4. 

Vanadium and Acid Piles are used in model simulations to predict 

The chemical compositions of the 

the migration of U(VI) from distinctly different chemical 

environments. 

The objectives of this study were to (1) develop a model 

that accurately simulates transport of U(V1) from a contaminated 

site, (2) predict -the enhancement of chemical -retardation due- to 

emplacing an engineered chemical barrier containing amorphous 

ferric oxyhydroxide, and (3) utilize the model response to 

estimate the cost of the chemical barrier. 

-- _ - _  

MODEL APPLICATION 

HYDROGEOCHEM (Yeh and Tripathi, 1990) was used to simulate 

the transport of U(V1) from the uranium mill tailings repository. 

The simulations predicted plume geometry with and without a 

chemical barrier containing amorphous ferric oxyhydroxide. 



8 3-6 
Data Requirements 

Hydrogeologic and geochemical information are required to 

simulate flow, transport, and chemical reactions in the system. 

Specific hydrogeologic data required to simulate flow and 

dispersion include: initial pore pressure, saturated hydraulic 

conductivity, and dispersion, for each node point. 

between moisture content, pore pressure, and hydraulic 

conductivity must be specified for each material type. 

flux or a head must be assigned to each boundary node. 

Relationships 

Either a 

Chemical retardation is often represented by an empiricle 

relationship that defines the distribution of mass between the 

groundwater and the immobile solid matrix. In contrast, 

HYDROGEOCHEM requires specification of a set of chemical 

equilibrium relationships. An equilibrium constant must be 

provided. for each aqueous, adsorption, and mineral species. 

total (sum of the dissolved, adsorbed, and precipitated states) 

The 

initial concentration of each chemical and the concentration of 

adsorption sites must be specified for each node. 

of dissolved chemicals in any infiltrating water must also be 

Concentrations 

specified. 

chemical conditions used by the model were derived from numerous 

measurements made during the characterization of the Monticello 

The data used to establish the hydrogeologic and 

site. 

7 



Model Assumptions and Limitations 

The simulations assume that all chemical reactions attain 

equilibrium instantaneously. 

be immobile; thus, no colloidal transport is simulated. 

HYDROGEOCHEM does not consider the impact of mineral 

precipitation/dissolution on hydraulic conductivity. Thus, 

massive precipitation could occur, without any disruption to the 

f l o w  regime. 

our simulations would have filled only 0.04% of the available 

pore space. 

cross section through the site. 

Adsorption sites are considered to 

However, the maximum precipitation encountered in 

The domain is limited to a 2-dimensional vertical 

T h i s  slice is positioned 

approximately along a streamline. 

Chemical equilibrium is maintained throughout the 

simulations, and no kinetics were included. Reactions that are 

slow with respect to the 200-year compliance period, such as the 

precipitation of feldspar at ambient temperature ( 2 S o C ) ,  were not 

considered in the simulations. 

Initial and Boundary Conditions Used in the Hydrogeologic Model 

HYDROFLOW-ZD, a slightly modified version of FEMWATER (Yeh, 

1987), was used to simulate groundwater flow at the proposed 

repository site. 

approximately along a streamline. 

A vertical cross section was positioned 

The dimensions of the domain, 

8 



positions of the 720 nodes, designation of material types, and 

boundary conditions for the, flow-model are shown in Fig. 1. 

Typical material properties were selected from laboratory 

measurements on field samples. 

represent the relationships between hydraulic conductivity, 

moisture content, and pore pressure, using the equations given by 

van Genuchten (1980). The parameters and the saturated hydraulic 

conductivity values were held constant, and the same flow model 

was used for all of the simulations (Table 1). 

Parameters were established to 

To establish initial conditions, a pore pressure must be 

selected for each node. These pressure values were selected so 

that the tailings would initially be nearly completely saturated 

(Fig. 2). 

the repository model. 

the water table elevation on the right-hand side. 

No flow was allowed across the bottom and left side of 

A constant head boundary was used to fix 

Infiltration 

rates were set at 1 in. (2.5 cm) per year through local soils and 

0.1 in. (0.3 cm) per year through the repository cover (Fig. 1). 

These infiltration rates are estimated from annual precipitation 

rates (16 in.; (41 cm) per year], evaporation rates, soil types, 

and engineering design for the cover. 

used in both the flow and reaction/transport simulations. 

Ten-day time steps were 

The Mancos Shale underlies the proposed repository site. 

The permeability of the Mancos Shale is low compared to the 

pediment gravel; therefore, we have set a no flow boundary at the 

9 



bottom of the donain. 

discontinuous lenticular deposit. 

pediment gravel aquifer probably originates from local 

infiltration. To simulate this condition, a no-flow boundary w a s  

set on the left-hand side and recharge was allowed through the 

pediment gravel upgradient from the repository. 

boundary set to the present-day water level was used on the 

right-hand side (Fig. 1). 

The pediment gravel. aquifer is a 

The groundwater in the 

A constant-head 

X n i t i a l  and Boundary Condi t ions  Used i n  t h e  Chemical Submodel 

The model includes eight components--UO?’+, VO, 3- , co,”, SO,?‘, 

K+, Ca2+, H+, and SOH (adsorption sites onto amorphous ferric 

oxyhydroxide) . Four minerals--carnotite [K2 (UO;)* (V04) , 

tyuyamunite [Ca(U02)2(V04)2], calcite [CaC03], and gypsum 

[CaS04=2H20] 

oversaturation. 

- 

were allowed to precipitate if the solution reached 

Total concentrations of all components must be specified at 

time zero. The total concentration is the sum of the dissolved, 

adsorbed, and precipitated concentrations. Total concentrations 

in the tailings were estimated from concentrations measured on 

complete digestions of tailing samples. 

of adsorption sites was estimated from results of citrate- 

bicarbonate-dithionite extractions. This dissolution selectively 

extracts i ron oxides (Smith and Mitchell, 1987). 

The total concentration 



I -  

The engineered design allows flexibility in the distribution 

of the different types of tailings placed in the new repository. 

The tailings may be mixed together to approximate a homogenous 

mass, or each pile may be placed separately. The sample called 

llMixll (Table 2) is a mixture of four samples, one each from the 

Vanadium, East, Acid, and Carbonate Piles; combined to 

proportionally represent the total tailings volumes of the four 

piles. 

homogenous repository. 

concentrations used in the simulations; Fig. 3 shows the node 

assignments for the chemical submodel. 

Thus, 11Mix81 is intended to simulate the chemistry of a 

Table 2 presents the initial 

A l l  concentrations are given in moles per liter of pore 

fluids. Conversion factors, on the basis of density and 

porosity, were estimated to convert concentrations in milligrams 

per gram to moles per liter of pore fluid. 

of 3,750 g of solids per liter of pore fluid was used. 

hydrogen ion concentrations given in Table 2 were determined 

using EQMOD with pH fixed at values consistent with observed pore 

fluid chemistry (Table 3). 

program used in HYDROGEOCHEM and is similar to the better known 

code MINEQL (Westall et al., 1976). 

A conversion factor 

Total 

EQMOD. is the chemical equilibrium 

Mineralogical factors were taken into account when 

establishing the total initial concentrations. For example, most 

of the extracted potassium using total digestion comes from 

11 
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potassium feldspar, 

potassium feldspar is considered to be nonreactive. 

the concentration of potassium was set at a value consistent with 

Because of its slow reaction kinetics, 

Therefore, 

pore fluid concentrations rather than the total concentrations. 

Some of the potassium is partitioned into the precipitated --tr(.YI) - .  

bearing phases. Uranium(V1) in the tailings occurs 'in uranyl 

- 

minerals and is adsorbed to ferric minerals (Morrison and Cahn,  

1990); vanadium occurs in uranyl vanadates; and calcium, sulfate, 

and carbonate occur in gypsum and calcite. All of these phases 

are considered to be highly reactive; thus, the concentrations in 

the total digestions were used to estimate the initial 

concentrations of U O 2 + ,  VO?-, C032-, SO:-, and Ca2+. 

- - - - -  

e The dissolved concentrations i-n tailings pore fluid- - 

predicted from the measured total analytical concentrations of 

the tailings were inconsistent with observed pore fluid 

chemistry. This inconsistency may result because fluid chemistry 

data was collected near, but not at exactly the same location as, 

the collection of solid tailings samples measured for total 

chemistry. Total analytical concentrations used as initial 

conditions in the simulations (Table 3) were as close to the 

measured total analytical concentrations as possible while being 

consistent with the pore fluid chemistry. 

concentrations used were no more than 10% different from the 

measured values. 

The total analytical 



It was assumed that the pediment gravel (the geologic unit 

into. which the repository is to be excavated) was nonreactive, as 

reflected in the model by low total concentrations for all 

components. 

pediment gravel chemistry excep t  for an increase in the 

Simulated chemical barrier chemistry is similar to 

concentration of adsorption sites to reflect the addition of 

amorphous ferric oxyhydroxide (Table 2). The concentration of 

adsorption sites in the chemical barrier was calculated to be 

equivalent to 1,000 tons of raw material (FeC13=6H,0). 

Concentrations of solutes in water entering the system are set 

low, identical to the initial concentrations in the pediment 

gravel. Equilibrium constants for the aqueous complexes, 

minerals, and adsorbed species are given in Morrison and Spangler 

(1992); modifications to the adsorption complexes were made by 

' Morrison et al. (this issue). The only other equilibrium 

constants needed were those for carnotite (K,(UO,),(VO,),] - - -  - and 

tyuyamunite [Ca(U02)2(V04)2]; the values used were 56.55 and 

53.15, respectively. Oxidizing conditions (uranium as +6, 

vanadium as +5, sulfur as +6, and carbon as +4) were assumed to 

exist throughout the simulations. Oxidizing conditions are 

consistent with Eh measurements on pore fluids (on over 90% of 

the 33 measured samples, Eh ranged from 400 to 500 mV), lack of 

reduced minerals, and red color of the tailings imparted by 

ferric oxides. To reduce run times, dispersivity for all solutes 

was set to zero and no ionic strength corrections were made to 

activity coefficients. 

a 1 3  



RESULTS AND DISCUSSION 

Conceptual Model . 

... 
. *.- " 

The conceptual model is based on one of th- preliminary 

engineering designs for the construction of a repository to 

contain about 3 million cubic yards of uranium mill tailings and 

contaminated soils at Monticello, Utah. For the engineering 

design modeled, the proposed repository will be excavated in 

pediment gravels that are underlain by gray illitic Mancos Shale. 

The only remediation measure considered in the model was an 

engineered layer of recompacted pediment gravel containing 

amorphousferric oxyhydroxide. 

chemical barrier and is designed to impede the migration of the 

This layer is referred to as the 
- - . - - -  _ _  

contaminants. 

is modeled by increasing the number of available adsorption 

Adding amorphous ferric oxyhydroxide to the liner 

sites. 

The permeability of the Mancos Shale is not well known. For 

the model, we assumed that the Mancos is relatively impermeable 

and all water draining from the tailings discharges through the 

pediment gravels. 

migration of the plume but no vertical migration. 

cover is proposed as a remediation measure to limit surface 

infiltration through the top of the repository. 

This assumption will cause maximum lateral 

A vegetative 



When the tailings are placed into the new repository they 

will contain water; originai pore water, infiltration from 

precipitation, and water added t o  control dust and compaction. 

From an examination of the proposed construction practices, 

was estimated that'the tailings will be over 80% saturated 

it 

initially. For the model, we assumed that the tailings are 

initially 100% saturated. The release of contamination from the 

repository is due mainly to the draining of this pore fluid over 

time. Simulated positions of the water table at 0, 11, 25, and 

216 years demonstrate this dewatering (Fig. 2). 

Because the adsorption of U ( V 1 )  onto amorphous ferric 

oxyhydroxide is less efficient at high pH (in the presence of 

dissolved carbonate), it was thought that the chemical barrier 

would be less effective for sigh-pH tailings. 

pH tailings constitute only a small fraction (less than 10%) of 

the tailings, the hypothesis was made that these tailings could 

be placed at the top of the repository cell so that the high-pH 

fluids would be neutralized by the underlying moderate-pH 

tailings. 

simulations. 

Because the high- 

These concepts are tested using the hydrogeochemical 

The introduction of amorphous ferric oxyhydroxide could 

cause a reduction in permeability, but this effect was not 

considered in the simulations. The amount of amorphous ferric 

oxyhydroxide added would occupy only about 0.05% of the available 
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pore space. Even if such a small amount did cause lowered 

permeability, the contaminated pore fluid would have to travel 

through the liner; thus,' the chemical barrier should remain 

effective: 

Hydrogeochemical Reaction/Transport Modeling 

The advantage of coupled reaction/transport modeling is that 

this approach permits simultaneous consideration of chemical 

reactions in the chemical system and calculates the impact of 

flow and transport on the chemical evolution of the entire 

system. This is important since the behavior of contaminants 

such as U(V1) is extremely sensitive to the chemical composition 

of the system (for example, pH, Eh, and the concentration of 

complexing ligands such as carbonate). Results of any simulation 

of U(VI) transport that does not take into account the major i o n  

composition would be highly inaccurate. This is especially true 

of adsorption calculations involving partitioning of U ( V 1 )  

between the solid (amorphous ferric oxyhydroxide) and aqueous 

solutions. Accordingly, the emphasis in this study was to insure 

that all chemical reactions relevant to partitioning of U(VI) 
' were considered and their impact in designing the remediation 

system was analyzed. Such a modeling and analysis provides a 

process-level (phenomenological) basis for sound design and 

evaluation of remedial action alternatives. 



tailings below, the 0.05 mg L-' U(V1) contours are similar to 

those for Acid Pile tailings (Fig. 4d). This result suggests 

that by simply changing the order in which the tailings piles are 

added, the performance of the new repository can be improved. 

The migration of U(V1) is illuminated by considering the 

interactions that occur between dissolved, adsorbed, and 

precipitated chemical species. 

The concentrations of all species (adsorbed, precipitated, 

and dissolved) are based on a liter of pore fluid. Thus, as the 

water content decreases (such as in the upper portion of the 

tailings due to drainage) the concentration of immobile species 

will increase without any adsorption or precipitation. 

The predicted effects of tailings chemistry and the presence 

of the chemical barrier on U(V1) migration are shown in Fig. 4. 

These diagrams show the expected position of the 0.05 mg L-I 

(approximately equivalent to the proposed regulatory standard of 

30 pCi/L) U(V1) concentration contour 11 years after construction 

of the repository. The simulations suggest that the chemical 

barrier will cause a significant retardation of U ( V 1 )  if all of 

the tailings were mixed together (Fig. 4a) or if the tailings 

chemistry is similar to that in the Acid Pile' (Fig. 4b). 

Retardation by the chemical barrier is insignificant for Vanadium 

Pile-type of chemistry (Fig. 4c) despite lower initial U(V1) 

concentrations. 

the upper 20% of the repository with 80% Acid Pile-type of 

If Vanadium Pile-type of tailings are placed in 
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Concentration contour plots for the Acid and Vanadium Pile 

chemistries are used to demonstrate the effects of solute 

interactions. 

whereas the Vanadium Pile tailings are near a pH value of c. * 10. 

Acid Pile tailings, adsorption dominates partitioning of U(Vf) 

into the tailings solids (Fig. 5a), and the adsorption of U(V1) 

onto amorphous ferric oxhydroxide in the chemical barrier is 

relatively effective (Fig. 5b). Uranium(V1) adsorption is 

inconsequential in the Vanadium Pile tailings (Pig. 5c) and in 

the chemical barrier (Fig. 5d). In contrast, precipitated U(V1) 

The Acid Pile tailings are near neutral in pH 

In 

is insignificant in the Acid Pile tailings (Fig. 6a) but 

dominates in the Vanadium Pile tailings (Fig. Bb). 

The distribution of-U(VI) among adsorbed; precipitated, and 

aqueous phases can be interpreted by considering the distribution 

of pH values in the system. Moderate pH conditions in the Acid 

Pile (Fig. 7a) promote adsorption of U(V1) onto amorphous ferric 

oxyhydroxide (Morrison et al., this issue). Elevated pH (Fig. 

7b) and high concentrations of dissolved carbonate (conditions in 

the Vanadium Pile) reduce the adsorption of U(V1) onto' amorphous 

ferric oxyhydroxide. 

initial conditions and by reactions that occur along the flow 

path. Carbonate forms strong uranyl carbonate complexes that 

favors partitioning of U(V1) into the aqueous phase. As 

carbonate migrates away from the site (Figs. 7c and 7d), it is 

The distribution of pH is determined by the 

available for complexing U(V1) and for precipitation with calcium 



gypsum does not precipitate in the Vanadium Pile simulation. 

maximum amount of mineral precipitation that occurred in the 
The 

11-year simulations was 0.04% of the available pore space. 

that the elevated concentrations of precipitated carbonate and 

sulfate in the upper left portion of the tailings (Figs. 8a, ab, 

and 8c) are due to decreasing water content and not mineral 

Note 

to form calcite. 

Sulfate migrates from the site as gypsum dissolves from the 

tailings (Figs. 7e and 7f). 

For both the.Acid and Vanadium Pile chemistry, 

Precipitation of calcite and gypsum may lower the 

permeability of the system. 

mineral precipitation were not considered in the modeling. 

Qualitatively, however, trends in mineral precipitation can be 

interpreted. 

developed from Vanadium Pile tailings (Fig. Sa). 

Pile simulation, calcite is abundant in the tailings but does not 

precipitate outside the repository (Fig. 8b). 

precipitates (as gypsum) in the Acid Pile tailings (Fig. 8c), but 

Permeability changes that are due to 

For example, calcite precipitates in the plume 

In the Acid 

Sulfate 

precipitation. 

Model U n c e r t a i n t i e s  

Despite an effort over many years by many groups to 

determine equilibrium constants, major uncertainty remains in the 

thermodynamic data base used in the simulations. For example, 

19 



the equilibrium constant for carnotite is estimated from a single 

solubility ,experiment cited by Hostetler and Garrels (1962) , who 
caution that the data are not rigorous. To our knowledge, 

reaction kinetics for the uranyl vanadates have n o t  been . . 

investigated, and w e  have assumed that these minerals react 

rapidly. Aqueous uranyl complexation is reasonably well 

understood up to a pH of about 8, but greater uncertainties exist 

e 

at higher pH values (see critique of uranium complexation 

chemistry by Tripathi, 1984). 

High-quality experimental data are not available to confirm 

the selected mineralogy of the tailings. Saturation indices of 

U ( V 1 )  minerals calculated from chemical analyses of field- 

collected-pore fluids range over several orders of magnitude from 

undersaturated to*oversaturated. 

sensitive to pH and carbonate concentration, and the quality of 

these field data is not sufficient to determine the mineralogical 

- -  

a The saturation indices are 

assemblage with accuracy. 

amorphous ferric oxyhydroxide, other components (such as 

vanadium) may adsorb for which no adsorption data a k  currently 

In addition to U ( V 1 )  adsorption on 

available. 

The heterogeneities in material propert-es (hycrogeological 

and chemical) are difficult to characterize and their effects 

cannot be reliably accounted for in HYDROGEOCHEM simulations. 

Despite these uncertainties, HYDROGEOCHEM modeling provides a I 
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promising first step toward quantifying the effectiveness of the 

chemical barrier concept as applied to disposal of uranium mill r tailings. t 

Economic Considerations 

The cost of FeC13 (the raw material used to make amorphous 

ferric oxyhydroxide) required for the chemical barrier described 

in the simulations is $150,000, which is based on the following 

estimates: chemical barrier volume = 482,335 m3, 1 g of Fe(OH)3 = 

9.35010~ mole of sites, cost of anhydrous FeC13 = $250 per ton, 

porosity = 0.42. 

are equivalent to the modeled concentration of 1.7*103 mole of 

From these estimates, 1,000 tons of FeC13*6H10 - 

sites per liter of pore fluid. 

emplacement is to simply spray dissolved FeC1, on the liner 

The lowest cost method of 

solids and rely on reactions of the solution with carbonate 

minerals to cause precipitation of amorphous ferric oxyhydroxide. 

Design assumptions for the repository include (1) construction of 

a suitable subbase regardless of whether a chemical barrier is 

used and (2) FeC1, could be mixed into the dust control water at 

a nominal cost. Thus, the total additional cost of the chemical 

barrier probably will not greatly exceed $150,000, or less than 

about 1% of the estimated cost of the repository. 

Assuming that the tailings chemistry is similar to that of 

the mixed sample described earlier, this chemical barrier will be a 21 



effective (concentrations limited to 0.05 mg L'' U(V1) to within 

a 88 feet (27 m) of the repository boundary) for a period of at 

least 216 years, the limit of the simulation. If the ferric 
chloride were distributed more efficiently by placing more in the 

zones of highest groundwater flow, the effeqtive performance time 

would increase. 

. , ... . .  
CONCLUSIONS 

The ability of coupled reaction/transport or 

hydrogeochemical transport models to identify trends in 

dynamically evolving chemical systems was demonstrated. The - 
ability of such models to assist in geochemical engineeri-ng was 

also illustrated. A chemical barrier comprising an amorphous a 
ferric oxyhydroxide liner was shown to,effectively retard 

migration of U(V1) from near-neutral uranium mill tailings. The 

model application also revealed that such a barrier would not be 

effective for alkaline mill tailings. 

productive tool for performing Itwhat-ifI1 simulations. 

results of such simulations permit optimization of remedial 

actions in terms of both regulatory requirements and economic 

constraints. 

adsorbent was distributed throughout the chemical barrier (the 

liner). A repository design that includes permeable zones (for 

example, "French drains") could maximize contact between 

The simulations provided a 

The 

In simulations presented in this study, the 



contaminants 

performance. 

Routine 

and the adsorbent layer and improve repository 

use of hydrogeochemical modeling in support of 

remedial action must deal with uncertainties in geochemical and 

hydrologic characterization and data. The difficultAes in 

characterizing heterogeneities in surficial and subsurface 

materials as well as uncertainties in thermodynamic data must be 

taken into account in the application ob such models. 

it is clear that a flexible model such as HYDROGEOCHEM can be 

used to organize available information, test hypotheses and 

However, 

synthesize scientifically defensible conclusions based on the 

latest multidisciplinary observations and principles. Finally, 

it should be added that the act of model application forces the 

user to carefully and systematically cons,idef all components of 

the hydrogeochemical system and evaluate the reliability and 

uncertainties of various measurements and information available. 
I 
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% ' n  a % 
ft" ft day-' 

' *  

0.3706 

0.41 

0.41 

0.42 

TABLE 1 
Material properties for hydrogeologic submodel I 

0.042 1.66416 0.1405 0.6803 

0.18 i.5306 0.1320 *'0.0197 

0.18 1.5306 0.1320 1.42 

0.20 1.4534 0,3209 0,0131 

Material 

Tailings 
Pediment Gravel 

Pediment Gravel 
Aquifer . 

Recompacted Gravel 
(liner) I I 

8 ,  = saturated moisture content 
8 ,  = residual moisture content 
n', a'= fitting parameters 
K, = saturated hydraulic conductivity 
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TABLE 2 
Initial total concentrations (mol ~ l )  

I I i 
Tailings Chemical Pediment 

Barrier Gravel 

Component Mix I ~ 1 1  Simulations I I Vanadium I Acid Pile 
n:la 

1 . 0  10'" 1 . 0  10'" 

v .  75 3 .70  1 . 0 . 1 0 4  1 .0 .10"  

2 . 8 0  1 .0  10" 1 . 0 4 0 ~  - 
1 . 0  10" 

" . 7 1  6 . 3 0  1.0-103 1.0*10" 

.. 



TABLE 3 
Initial dissolved concentrations 

Component 

uqf+ (mol ~ - 1 )  
u(vI)(~~ cI) 

I 1 I Tailings I 1 
nix Vanadium A c i d  P i l e  Chemical P&nt 

Pile, Barrier ..- G r a v e l  
*.: ' ( p d  

1-1 
1.38*10'5 6.67- lod 4,41*10" 5 99. 9.90*1Wu 

3.3 1 .6  10.5 1.4*1010 2.4-10" 

cq" (mol L") 1.09*10" 4.00. lo2 1.60- 10" 1.00*104 1.00*10" 

SO.2- (mol  L'*) 6.9 1 lo3 1 . 56*10" 1.04. 10" 8.58*105 1.00 104 

K+ (mol L-I )  1.66. 1.40 10" 5 .4  6 lo4 1.00*104 1.00*104 

ca'+ (mol L-') 3.15010" 8.97- lod 3.07 l o 3  1.00~104 1.00~10~ 5 

: 1 I 

[ PH I 7.50 I 10.8 I 7.52  I 7.00 I 3.50 I 

i 
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Fig. 1. 

Fig. 2. 

Fig. 3 .  

Fig. 4 .  

Fig. 5 .  

Problem domain, element designations, and boundary 

conditions used in the hydrogeologic model. 

Flow velocity vectors at 216 years. 

water table is shown for 0, 11, 25, and 216 years. 

Position of the 

Node assignments for initial chemical conditions. 

Position of the modeled 0.05 mg L" U(V1) 

concentration contour after 11 years of repository 

operation if the repository contains (a) all '@Mix@@ 

tailings, (b) all Acid Pile tailings, (c) all 

Vanadium Pile tailings, or (d) 

tailings occupying the bottom 80% and Vanadium Pile 

tailings the top 20%. 

the tailings. 

layers with Acid Pile 

Shading shows the location of 

Distribution of adsorbed U ( V 1 )  

chemical barrier after 11 years; comparison of Acid 

and Vanadium Pile tailings. 

of U ( V 1 ) .  

tailings. 

with and without a 

Concentrations in mg L" 
Shading shows the location of the 

i 

.. 



Figo 6 .  Distribution of precipitated U(V1) without a chemical 

barrier after 11 years; comparison of Acid and 

Vanadium Pile tailings. 

U(VI). 

Concentrations in mg L1 of 

Shading shows the location of the tailings, 

Fig. 7. Distribution of dissolved carbonate and sulfate, and 

pH after 11 years. No chemical barrier. Comparison 

of Acid and Vanadium Pile tailings. Concentrations 

in mg L'' of C(IV) and S(V1). Shading shows the 

location of' the tailings. . 

Fig. 8. Distribution of precipitated 

after 1'1 years. No chemical 

carbonate and sulfate 

barrier. Comparison of 
- - -  _ .  

Acid and Vanadium Pile tailings. No su-lfate- 

precipitated in the Vanadium Pile simulation. 

Concentrations in mg L'' of C(1V) and S ( V 1 ) .  Shading 

shows the location of the tailings. 



Figure 1 . 

Morrison et al. (b) 

I 



Figure 2 
Morrison et al. (b) 



;.. . e 

-- 

I 



\ ;  . . .. r-l 
1 Figure 4 . .  

Monison et al. (b) 

a b. 

d. C. 

n Dissolved Uranium(V1) 

.. 



Figure -' 5 836 
Morrison et al. (b) 

b. 

Adsorbed Uranium(VI) 

With Chemical Barrier 

a. 

Adsorbed Uranlum(VI) 

o Chemical Barrier 
. Acid PI18 

c. 

Adsorbed Uranlum(VI) 
Vanadium Pile 
No Chemical Barrier 

Adsorbed Uranium(V1) 
Vanadium Pile 
With Chemical Barrier 
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a. 

Precipitated Uranium(VI) 

No Chemical Barrier 

Figure 6 
Morrison et ai. @) , 

b. 

No Chemical Barrier 
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Figure 7 836 
Morrison et at. (b) 

PH 
Acid Pile 
No Chemical Barrier 

C. 

Dissolved Carbonate 
Acid Pile 
No Chemical Barrier 

e. 

Dissolved Sulfate 
Acid Pile ' 

No Chemical Barrier 

.. 

No Chemical Barrier 

. .  d. 

' Dissolved Carbonate 
Vanadium Pile 
No Chemical Barrier 

f. 

Dissolved Sulfate 
Vanadium Pile 
No Chemical Barrier I I 
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I 

k N O C I W ~ W B ~ ~ ~ W  

C. 

Figure 8 
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LABORATORYSCALE TESTS OF A CHEMICAL BARRIER FOR USE AT 
URANIUM MILL TAILINGS DISPOSAL SlTEs 

Robert R. Spangler and Stan J. Morrison 
Environmental Sciences Laboratory 

Chem-Nuclear Gcotech, Inc 
US.DcprtmmofEnergyGrand JunctiOnRqeasOffice 

Grand Junction, cobrad08l5U2 
ABSTRACT 

A chemical barrier is a permeable mixture of reactive materials that chemicaliy extracts 
from groundwater passing through it. One application is as a repository liner to protect an underlying aquifer 
from contamjnation. This paper concerns the development of a barrier consisting of a layer of FeSa overIying 
a layer of Ca(OH)2 to be used as a liner for a uranium mill taihgs repository. Batch tests were performed to 
determine the minimum amount of F604 and Ca(OH)2 required to remove molybdenum and uraui- 
respectively. This barrier design was tested using a laboratory-de column that allows sampling along the 
flow path. A redox front was obsewed propagating through the co1umn coiaadiog with the predpitation of 
ferrous iron by contact with Ca(OH)2. Dissolved molybdenum and d u m  were successfully removed from 
solution for 6 and 9 days, respectively. Chemical mechanisms for remod of uranium include reduction to 
U02 and precipitation of CaUOs caused by elevated pH. Molybdenum is extracted by the reduction to M a 0 8  
or MoS2, or precipitation of FeMo04. 

INTRODUCilON 
Passive groundwater remediation is an alternative to 

pump-and-treat methods. Many pumpand-treat projects 
have failed to adequately restore the groundwater (1). In 
addition, the public is demanding more restrictive regulations 
overning landfdl designs.Frevenfiun ofgroundwater contam- 
ation is generally more acceptable and economical than 

treatment or removal. 
A promising preventive technology is passive chemical 

barriers (Fig. 1). A chemical barrier is a permeable mhure 
of reactive materials that can be used as a repository liner to 
protect an underlying aquifer from contamination. Ground- 
water contaminants are removed by chemical extraction as 
they pass through the barrier. 

The US. Department of Energy(D0E) is responsible for 
the remediation of about 30 million tons of uranium mill 
tailings under the Uranium Mill Tailings Remedial Adon 
Program (UMTRA) and Surplus Facility Management Pro- 
gram (SFMP) (2). Regulations mandate groundwater protec- 
tion from contamination for periods of 200 to 1,ooO years (3). 
Passive chemical barriers may be applicable to these sites. In 
this paper, we present results of an on-going study to evaluate 
the feasibility of a chemical barrier for the Monticello, Utah, 
uranium mill tailings repository. 

The,barrier design presented in this paper consists of a 
layer of FeS04 (ferrous sulfate) overlying a layer of Ca(OH)2 
(lime). These materials were selected from a large variety of . 
materials that were screened for their ability to remove the 
contaminants of concern. Results of these initial batch tests 
are discussed in another paper (4). 

Ca(OH)2 has been used to remove contaminants from 
waste waters and mil effluents (5). A previous study showed 

at when Ca(OH)2 was mixed with Gunnison, Colorado, 
r&um mill tailings, uranium mobility was significantly re- 

duced while molybdenum mobility increased (6). These re- 
sults were confiied in our laboratory using Monticello 
uranium”d tailings. 

a 

01p 

Contaminants of Concern 
Uranium mill tailings contain high concentrations of a 

wide variety of contaminants including U, Mo, Se, As, %a, 
%, Cu, Zn, Pb, Cr, so4, and N03. Because of the wide 
range in reactive pathways, it is unlikely that a single material 
can be found that will favorably affect all potential contami- 
nants. Studies of stab- chemicals for dl of these contam- 
inants would require an enormous number of experiments at 
great cost. Therefore, an essential part of this study was to 
survey groundwater contamination at uranium mill tailings 
sites, in particular at Monticello, and determine which of the 
contaminants posed the most serious threat to humans be- 
cause of mobiliition into groundwater supplies. 

The results of this survey show that hanium is by far the 
most likely contaminant that will be released to the ground- 
water. Molybdenum is probably the second most mobile con- 
taminant. While radium-226 is a serious health threat even in 
low concentrations, there is substantial evidence that radium- 
226 is relatively immobile in groundwater systems. As a result 
of these observations, our experimental strategy was to focus 
on controls primarily for uranium with a secondary emphasis 
on molybdenum. Once a barrier is designed that meets per- 
formance guidelines for uranium and molybdenum, it will be 
tested against all other potential contaminants. 

METH 0 DS 
Two types of experiments were conducted: batch tests 

and a column test. Batch tests consisted of combining the test 
material with an aliquot of a synthetic uranium mill tailings 
pore fluid (SPF-1). The synthetic pore fluid composition was 
formulated to resemble a pore fluid sample from the 
Monticcllo East Pile t a x i  (Table I). The mixture was then 
shaken on an orbital shaker table. 

The column test used a 10-centimeter-diameter acryiic 
column (Fs 2). The column was comprised of 10 sections; 
each section consisted of a solids chamber and a water sam- 
pling chamber. Each of the bottom five solids chambers was 
filled with a mixture of Fa04 (6.91 grams) and sand (648 
grams); each of the top fm was fded With lime (6.91 g b s )  

0086B8Jf3 739 
C 



:, 740 SpanPler CHEMICALBARRIER 

........ & 
. a .  

Fa 1. ChemicaI barrier wnccpt. 

and sand (648 grams). Each water sampling chamber was 
equippedwithaporttoaUowsamplingofthenuidsatiDtenrals 
along the flow path. Fdtus (PO mesh) were placed bctwcm 
all chambers. 

Synthetic pore fluid SPF-2 (Table I) was pumped through 
the column from the bottom to the top for 11 days. The average 
flow rate was 1 3  liters (L) per day. The ports were numbered 
from 1 to 10 starting at the bottom of the column. 

AU samples were filtered through a 0.45-mkon filter. 
The pH and Eh were measured using glass combination elec- 
trodes. Batch test samples were measured for pH and Eh 
immediately after fdterigg. In the column cxperhnents, the pH 
and Eb were measured WitaoUt-ospre to the air. The 
molybdenum content of all samples WBS measured using the 
ternary complex photometric method. Our detection limit for 
molybdenum was 0.05 milligrams per liter (mglL). To test for 
matrix interferences, distilled water was mixed with FeS04, 
filtered, and spiked with known amounts of molybdenum 
Results of thest spiked waters showed no major interferences 
by F 6 0 4  with the molybdenum determinations. The uranium 
contents were measured by laser-induced fluorescence using 
a Sciatra, Model UA-3 Uranium Axdyer. Our detection 
limit for uranium was O.OOO5 mg/L. Standard addition tcch- 
niqucs were used to correct for any quenching, temperature, 
andmatrixeffects. Nocorrectionwaspeaterthan Upercent. 
Molybdenum and uranium concentrations were periodidly 

SAMPLING 
PORT 

SOUDS CHAMBER (5.3 a] 

nLER ASSEMBLY [0.9 cm] 

SAMPLING CHAMBER [3.45 cnl 

ZERO DATUM 

10 C m l L  

FG 2 Experimental column. 

checked against Indudively Coupled Plasma Mass Spectrom- 
etry determinations and known stan&-& Our standard error 
for both uranium and molybdenum was about 10 percent. 

REsuLls 
@ 

Results of Batch Tests 
' b o  series of batch tests =re conducted to determine 

the minimum amounts of F 6 0 4  or required to 
extract the contaminants. Each experiment within a series 
contained 200 milliliters (mL) of synthetic pore fluid (SPF-1) 
but a different amount of test material. The results fa 

effectivelyextractedbya minixnumofO.l5grams(g) (0.75@) 
and that the most efficient pH for uranium removal was about 

Ca(OH)7 &OW that the uranim in BL of SPF-1 

Comparison of Synthetic Pore Fluids SPF-land SPF-2 Wth Pore Fluid Collected From Lysimeter LYS82-w- 
(in *ams per liter 1-1; %a in piwcwies per liter [pciil) 

PoreFluid Na sQ4 & & - v m m P 6 R a e  

LYs82-29 3529 23 340 64 6300 loo0 1940 030 l3 1.6 9.64 NAc NA 7 5  
SPF-1 3680 23 340 65 6300 lo00 1902 1.00 30 1.6 889 20 20.0 78 
SPF-2 36s 0 301 0 5920 loo0 1902 200 30 0 8.89 0 0 7.a 

aPore Fluid collected from the Monticello M&te East Pile on Octqbcr 29,1984 

c~~ = not ad@. 
bAncalinityis uprcssed as -of cam 

.* 

ooQ)ob'3 
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10.9 (Table II). Approximately 1.0 g of F 6 0 4  per 200 mL of 
SPF-l(5.0 B/L) was required to extract most of the molybde- 
n u m  (Table HI). The dissolution of FeSO4 produced an a a d c  

TABLE I1 
e v i r o n m e n t  with an Eh of around 550 millivolts (mv). 

Effect of Ca(QH)2 on Extraction of U From 200 mL of 
SPF-1 (shake timt = 75 h o w  W 

~ ~ u - 3 0 m g l L )  

Amormt of F d  worn F d  U 
fd & w 
0.45 
0.40 
035 
030 
025 
020 
0.15 
0.10 

1249 
1242 
l235 
1222 
1200 
11.71 
10.88 
9.75 

' 0.44 
0.26 
023 
027 
030 
037 
0.07 

293 

TABLE 111 

Effect of Fesos on Extradon of Mo From 200 mL of 
SPF-1 (shake time = 167 hours; initial concentration: 

Mo = 8.89mg/L) 

id DH 0 0 

10.00 238 592 e 0.05 
5.00 252 549 e 0.05 
0.98 3.42 491 e 0.05 
0.12 7.01 404 285 

Results of the Column Experiment 
The spatial distributions of Eh, pH, uranium, and m o w  

denum in the column fluid for days 3,4,5,8, and 10 are shown 
in Fig. 3. The days are determined from the day that contam- 
inated fluid was first pumped into the bottom of the column. 
The column was not completety filled with water until the 
be- of day 4. A front with low Eh values followed by high 
pH (19) values developed h the column. The pH and Eh 
values in the F&os seaions (ports 1 through 5, Fs 3) were 
never less than 6 or greater than 110 mV, respedively. Dis- 
solved molybdenum decreased from the bottom to the top of 
the column. Dissolved uranium decreased slightly from the 
column bottom to the low Eh front where it dropped sharply. 

The water turned yellow-orange upon contact with 
F6O4 due to ferric iron. The intensity of this color d e a d  
as more water passed through the column. Dark green mate- 
rial developed above the contact of F 6 0 4  and Ca(0m. 
within the solids chambers, this mattria formed distind 

f & ~ ~ l ~  and mats W i t h  the wattr Ehpmbtrr - 
bands with sharp b o t m ~ e s  similar in appearance to roll 
fr~nf i&rvdin  uranium ortdeposits.Thegrecnmatcrid 

con- 
w e n t  with t h ~  green mtcr ia  front w a ~  m- 
d u d  environment (Eh as low as -336 m% day 4, port 7). 

* *  
w 

.I I 

Fs 3. Spatial-temporal distriiution of E4 pH, uranium in 

Ahead of these fronts was a zone in which the pH haeased 
from about 6 or 7 to 125 due to saturation with Ca(OH)2. Wrth 
time, the green material, Eh, and pH fronts moved up the 
column. The green bands, once formed, remained; no disso- 
lution was observed. 

Investigation following completion of the q a i m c n t  rc- 
vcaled that upon exposure to the atmosphut, the green ma- 
terial immediately turned red. This material is X-ray 
amorphous. The material is dmila+ to substanc~~ r e f d  to 

solution and molybdenum in solution. 
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Fs 4. Results obtained from port 10 (top of the column). 

5 Land 8 L of contaminated fluid passed through the column 
by day 6 and 9, respectively. 

DISCUSSION 
Chemical Mechanisms 

Mechanisms that can cause the extraction of uranium and 
molybdenum in the column include sorption, precipitation, 
and co-precipitation. Ferrous iron and Ca(OH)2 are major 
components of the chemical system. Chemical gradients im- 
posed by these major components determined the fate of Mo 
and U. 

Iron (11) was released into solution by the dissolution of 
F604 in the lower portion of the column. A small amount of 
this Fez+ was oxidized and precipitated as ferric oxyhydrox- 
idc, producing the reddish-orange coloration in the lower 
portion of the column. Dissolved Fe2+ migrated up the col- 
umn and contacted Ca(0H)r. The Ca(OH)2 produced a front 
with a sharp rise in pH that caused ferrous hydroxide 
(Fe(0H)z) to precipitate. The ferrous hydroxide formed the 
dark green mineralization described previously. Near the 
front, the Eh of the fluid was lowered as ferrous iron was 
oxidized to ferric iron. The Ca(OH)2 layer continuously dis- 
solved causing the high-pH front to migrate up the column 
with time. Layers of green ferrous hydroxide remained be- 
hind 

All Eh values measured in the column were higher than 
the stability field of Fe(OH)2 (Fig. 5, point LE). However, the 
Eh at the front was probably lower than our measured values; 
we were unable to measure the Eh exactly at the redox front. 
A lower Eh environment than measured would allow for 
precipitation of tbe observed Fe(OH)2. The Eh increase seen 
a h  the front is probably due to 02 that had diffused from 
the top ofthe column or through the joints. 

Redox potentials at or near the front were probably low 
enough for M o  to have precipitated as a reduced phase (for 
example, M o j Q  or MoS2). In support of this mechanism, 
there is a positive correlation between dissolved Mo concen- 
trations and Eh (for example, ports 5,6,7, and 8 on day& Fg. 
3). An alternative mechanism that could explain the Mo dis- 
triiution is the precipitation of ferrous molybdate (FeMoO4). 
Hem (8) has suggested the formation of ferrous molybdate to 
explain the abundance of M o  in some kon- rich natural wa- 
ters. In Fig. 5, solubility contours for FeMoO4 arc superb- 
posed on the stability fields for iron hydroxides. The data from 
day5 she% on Fig. 5 show that the chemical conditioLIs in the 
lower portion of the,column (ports 5 6  and 7) could c a ~  

hdissohred FcMoO4 precipitation and a sld@J- . 
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Fig. 5. Eh-pH diagram for iron hydroxide and ferrous molyb- 

date. The thicker lines indicate M o  concentrations of 
0.1 and 10.0 m& in equilibrium with FeMoOs. Data 
from day 5 at column sampling ports 1,6,7,&9, and 10 
are shown. Point LE is the lowest Eh determination 
observed in the column. T=2S°C, P=l bar, total 
Fer+ = 1.0 x lob moles& No correction was made 
to activity coeffiaents for ionic strength. 

Mo. Precipitation of FeMoO4 ceases once &e fluid antads  
Ca(OH)2 (ports 4 9 ,  and 10; Fq. 5). 

The Eh-pH gradients assoCiated Gth the chemical front 
were also responsible for the extraction of dissolved uranium. 
Low-solubility uranium solids would have precipitated in re- 
sponse to either the sharp decrease in Eh or the sharp inawe 
in pH near the front. Many uraniuq solids have very low 
solubilities. Rai et al. (9) descrii amorphous hydrated U@ 
solids that could limit uranium concentrations to about 0.003 
m& in the neutral to high pH range. Batch experiments in 
our laboratory have shown that Ca(OH)2 causes precipitation 
of a yellow uranium-beaxing solid from uranyl nitrate solu- 
tions. Formation of this solid caused a decrease in dissohed 
uranium from 30.0 to as low as 0.070 m& We presume that 
the precipitate is CaUOs 

Data from Rd et al(9) for amorphous Uo;2 and from our 
preliminary determination of CaUa solubility were used to 
consmd an Eh-pH diagram (Fe a). Data from the lower 
part of tbe column (ports 56, and 7) for by5suggest a trend 
of decreasing uranium OLMCtntratioos due to the formation of 
amorphousUOt Thefunherdcataseinuraniumwnceotra- 
tiOnfrOnIpOrt7(U= 0-756mgh)t0port8(~= 0.0lOWU 
may be due to the proCipitation ofcauo4 (F&. a).-. two 
precipitation rndamsms (causedbyl0wEhandhighpH)arc 
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Fig. 6. Eh-pH diagram showing stability fields for Amorphous 
U@ and CaU04. The fields for calcite (CaC03) and 
portlandite (Ca(OH)2) as shown for reference. 
T =UT, P = 1 bar, total dissolved Ca = 1.89 x lo2 
mole- total dissolved C= 1.0 x mol- totai 
dissolved U =4.20 x lo" mol& (0.1 m a ) .  Data 
from day 5 for column sampling ports 1,6,7,8,9, and 10 
are shown. No correction was made to activity coeffi- 
cients for ionic strength and no reduced carbon species 
were considered. Log K for Cauo4(-24.9) was esti- 
mated from a singIe solubility experiment; Log K for 
amorphous U02 is from Rai et al. (1990). 

controlled by the iron and lime systematics as discussed pre- 
viously. Since they both occur at nearly the Same location in 
the column, it was not possible to differentiate between them. 

Although not apparent from the column data, batch tests 
indicated that acid is produced from reactions with FeSO4 
(Table 111). Acidic water increases the dissolution rate of 
Ca(OH)2 and, thus, increases the quantities of Ca(OH)z re- 
quired for a barrier. The acid production is probably the result 
of oxidation to ferric compounds, for example: 
4FeS04 + 02 + 10H2O = 4Fe(OH)3 + God-2 + 8H+ 

Acid production in the co~umn can be inferred from the 
rate of propagation of the Ca(OH)2 dissolution front. Based 
n the solubility of Ca(OH)? in pH 7water (1.6 grams per liter Q &I), the dissolution front should havemigrated to port 7 by 

day io. The front, however, to port 10 (Fs '3). 
indicatiqg that more than 1.6 mgll- had dissohrtd. The in- 

solubility is probably due to acid production in the 
FeS04 layers. Add produdon (as by low pH) was 

* 

not observed apparentJy because most of tbg *04 bg) 3 6 
dissohred prior to our first measurements on day 3. 

Economic Considerations 
A chemical barrier for use at the Monticeno uranium miIl 

dings  repository must be fuadional throughout the period 
that transient water is draining from the repository at a & 
thdy &h rate. Transient water is defined as amstmah 
water (used for dust OarrtrOldnriDg ~ Z y t l p  cmwnahl 
Paiod)-dpPocipitatioa a d d t d p r i o r t o t B t ~  ' d  
the repository awcr. G h  the axrent rtpositOrg design 
critaia,- - a r a c a k J i k d y t o p a s c t h c m o s t ~  
problem in mteting rcguIatcd catammu rcleastfimirr. 
P r o p o s e d r t % u l a t o y ~ ~ f o r ~ a a d ~  
lybdcnum at uraniumd tahgsdispod sitcsare30 pcih 
(0.043 mg/L assuming a natural isotopic abundance) and 0.10 
ID&, rcspeaively (3). It is not ne#ssary, hmvever, for tbt 
chemical barrier to reduce concentrations to those low lmls 
Dilution by aquifers that underlie the barrier as Oren as the 
position of the regulated point-of-compliance must also be 
considered when evaluating the effectiveness of the chemical 
barrier. 

The water composition at the top of the column (Fi 4) 
can be used to gauge the overall effectiveness of the chemical 
barrier. The column was effeaive in controlling the transpo~ 
of uranium and molybdenum for about 9 days (- 8 L) and 6 
d a ~  (- 5 L), respectively. Since a total of 3455 grams (s) of 
each active chemical was used, about 4 3  g of Ca(OH)2 and 
6.9 g of F604 were required to treat a liter of contaminated 
fluid. The amount of required Ca(OH)2 is 5.8 times higher 
than in the batch tests while the required F604 is essentially 
the same. Aad, produced in the Fdos layer, increased the 
dissolution rate of Ca(OH)2. 

The total amount of transient water is estimated at 527 
million liters. In the absence of FeSOA the amount of 
Ca(OH)2 required to effectiwdy lower uranium concentra- 
tions is estimated as 0.75 g/L of pore fluid (Table XI). Treat- 
ment of all the transient water requires about 395 metric tons 
of Ca(OH)2. At a material price of $60 per metric ton, the t d  
cost for Ca(OH)2 is SU,tXM. In the column experiment, how- 
ever, the production of acid by F604 increased the amount 
of required Ca(OH)2 by about a factor of 58; thus, the cost 
for Ca(OH)2 is about 5140,ooO. The amount of F a 0 1  re- 
quired to effectively lower molybdenum concentrations from 
both batch and column results is about 5 g/L of pore fluid 
(Table 111). The total cost for the required F d o 4  is approxi- 
mately ~ , O O O  ($295 per metric ton). The above costs do not 
include the cost of transportation and barrier construdion. 

The cost of Ca(OH)2 for removing uranium is low. The 
cost to also remove molybdenum by this design is more expen- 
sive because of the cost of FeS04 and the additional Ca(OH)2 
required to counteract the acid produced by the FeSo4. We 
are presently testing other materials that can remove molyb- 
denum without the undesirable effect of acid production. 

Other Considerations 
Other considerations forthis chemicaI barrier design that 

need to be evaluated inJude (1) the effect of high pH and higb 
calcium concentrations produced byCa(OHh, (2) the degcn- 
eration of Ca(OH)2 by reactions with silicates to form calc 
silicates and with carbonate to form d a t e ,  (3) the effect of 
cbemical changes on permeability and mechanical Sucagth, 
and (4) the oxidation of F604 to ferric oxyhydroxidies. 

r . ,  . . .. : . . . . e  . .  , . .. i 4 . 
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SUMMARY AND CONCLUSIONS 
This paper presents an initial laboratory evaluation of a 

chemical barrier de&p for usc h e a t h  ahc Mto&do Ma- 
nium d tail& repository. This design consists of a laya of 
FtSO4 Owxiying a layer of Ca(0H)E Laboratory- scale cob 
umntcsts&mo~atcd~thisdcsigniseff&forrcmcw- 
ingrPaniumandmol~n~UianiPmandmolyWcnumare 

vicidyofa uranium d tai6qp rqxsby .  Uae afr rmptti. 

tcd interpretation of the processes that remove thc 
- e *Alowndarfrontwasformcdbythcnridat;nn 

of Fe(0H)t under the tltMttd pH conditions caused by 

the primary ponotantd to the grodwam suppfb in the 

portarhmrnthatalIcrws~aka?gthefbarpathpcrmir- 

of furopsiron. This front was prcstrvtd due to pndpitatian 

Ca(O* dissolution. strong chemical fronts produced by 
these and otherrhemicalrca~hold pr0misc for con&& 
ling amtaminant migration by chcmicd manipulation of the 
subsurface environment. 

Essential to accurate prediction of- performance 
is an understanding of the bdammtal chemical reaction 
m e c h u m s  thatremovetheamtarmnan ts.Furtherexperi- 
men& are planned to understand and model these processes. 
A field demonstration cmskthg of a scaled-down repository 
will be conducted to determine ifa faqpscale chemical bar- 
rier performs similar to the laboratory-scale modeL Economic 
and technical considerations suggest that materials other than 
Fa04 should be investigated for molybdenum wdraction. We 
are presently evaluating other materials. Results are encour- 
aging that an economical chemical barrier can be designed 
U-will substintially reduce the risk of groundwater contam- 
ination. 
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Chemical barriers are being explored as a lowicost means of controlling 
groundwater contamination. The barrier can intercept a contaminant plume and 

prevent migration by tramferring contaminants from the groundwater to 
immobile solids. A chemical barrier can be emplaced in a landfill liner or in an 

aquifer cutoff wall or can be injected into a contaminant plume. Chemical 
barriers can be classified as either precipitation barriers or sorption barriers 

depending upon the dominant mode of contaminant extraction. In a precipitation 
barrier, contaminants are bound in the structures of newly formed phases; 

whereas, in a sorption barrier, contaminants attach to the surfaces of preexisting 
solids by adsorption or some other surface mechanism. Sorption of contaminants 
is pH dependent. A precipitation barrier can control the pH of the system, but 

alkaline groundwater may dominate the pH in a sorption barrier. A comparison 
is made of the characteristics of precipitation and sorption barriers: Experimental 
data on the extraction of uranium and molybdenum from simulated groundwater 

are used to demonstrate these concepts. 

INTRODUCIlON 

Much of the research on groundwater’ remediation has focused 
on the removal of contaminated water from the subsurface 
and treating it at the surface. While removal of the contam- 
inants is desirable, the costs often are prohibitive and rarely 
are contaminant concentrations lowered to the required levels. 
Chemical barriers are being considered as a lowcost alternative 
to protect groundwater. To construct a barrier, chemicals are 
emplaced into the subsurface. As groundwater passes through 
the barrier, reactions occur that cause dissolved contaminants 
to become part of the immobile solids in the aquifer. The 
barrier could be emplaced by lining a disposal site, by trench 

‘and fill. or by injection into the subsurface (Figure 1). A 
chemical barrier is essentially a passive in situ water-treatment 
system. A discussion is PreSented of some early results of a 
project to design and implement a chemical barrier for a ura- 
nium mill tailinns disposal site at Monticello. Utah. A d o t -  
scale field dcm&.straGon is planned for the summer of i992. 

‘Oueratcd bv RUSf -tech, InC.. for the U.S. Department of 
En& under h E  Contract No. DE-AC04-86ID12584. 

‘The tcrm “groundwata” BJ used in this paper refers to any sub- 
surface*ter and indudes the-water contained in panially saturated 
pores of mill milings rcpositones. I 

several factors are important to the successful implemen- 
tation of chemical barriers. which we classify as precipitation 
barriers and sorption barriers. Dissolved contaminants are ex- 
tracted by precipitation of newly formed minerals in precipi- 
tation barriers or by attachment to surfaces of preexisting 
minerals by adsorption, absorption, or chelation in sorption 
barriers. Some characteristics of precipitation barriers contrast 
with those of sorption barriers. These distinctions (for ex- 
ample, the tendency for the barrier to become clogged) can be 
used to help select an appropriate barrier design for site re- 
mediation. The discussion examples focus on uranium and 
molybdenum extraction by hydrated lime [Ca(OH)J. ferrous 
sulfate (FeSO,), and ferric oxyhpdroxide (Fe20, -nH,O). 

Previous published research on chemical barrier technology 
is limited. Several industrial materials such as iron oxides, 
titanium oxides, lime. peat, and phosphate have been used 
effectively in laboratory experiments to reduce dissolved con- 
centrations of contaminants characteristic to uranium millsites 
[ I ,  21. Laboratory research by Burruss and Antworth [3] re- 
ports that organic surfactants can increase sorption of organic 
contaminants; they concluded that these surfactants may be 
used as a sorption barrier for organics. 

Waste sites typically contain more than one contaminant 
and each contaminant possesses unique chemical properties. 
Designing a chemical barrier that will lower concentration of 

Environmental Progress WOl. 12, No. 3) August, 1993 175 
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Landfill Liner Trench and Fill Injection 
FIGURE 1. Potential methods of emplacement for chemical barriers 

a// contaminants to their regulated limits is a significant chal- 
lenge. At millsites, the contaminants are the waste products 
of ore processing. Because the contaminants were extracted 
from groundwater during ore genesis, these contaminants 
should be reprecipitated if the ore-forming processes are du- 
plicated in a chemical barrier. For example, ferrous hydroxide 
[Fe(OH)J can produce redox conditions similar to those that 
occurred during roll-front-type uranium ore deposition 14). 

METHODS AND MATERIALS 

I 
I 

The columns used in the expaiments were constructed from 
lO-cm-diameta cylindrical acrylic pipe. Except where indi- 
cated, the columns were filled with about 1.2.50 mL of sand 
mixed with the test material. Test solutions (Table 1) were 
simulations of the pore fluids expected in uranium mill tailing. 
The test solution was pumped from the bottom to the top 

pH, Eh, and conductivity were made immediately after sample 
collection. Uranium and molybdenum concentrations were 
measured within 3 days; however, most measurements were 
made w i t h  2 hours of sample collection. Uranium concen- 
trations were measured by laser-induced fluorometry (Scintrat 
UA-3) and molybdenum concentrations were determined by 
the ternary complex or the mercaptoacetic acid photometric 
method. 

Ferric oxyhydroxide was prepared by dissolving FeCII.6H20 
in deionized water and then adding 10 normal NaOH until the 
pH reached about 10. The flocculent was then washed twice 
in 4 liters of deionized water and centrifuged to about 100 mL. 
Concentrated nitric acid was used to adjust pH to the desired 
value. Because the hydration state of ferric oxyhydroxide is 
uncertain. the weights of fmic oxyhydroxide given in the text 
are actually the weights of FeCl,.6H20 used in its preparation. 

I through the colupln at a constant flow rate. Measurements of 

DEPENDENCY OF CHEMICAL BARRIERS ON pH, 
Eh, AND SOLUTION COMPOSITION 

Both precipitation and sorption reactions in a chemical bar- 
rier depend on the chemistry of the groundwater that contacts 

it. In a precipitation barrier, the groundwater chemistry is 
modified by the barrier materials to exceed the solubility limits 
of a desired mineral phase. This can be accomplished by the 
addition of another solid; for example. hydrated lime [Ca(OH)J 
can be placed in a barrier to promote precipitation of uranium 
as calcium uranate: 

3Ca(OH)2 + (vOz),(OH); +(OH)- = 3CaUO,+ 6H20. (1) 

The hydrated lime yields calcium ions for the precipitation 
reaction and maintains solution pH above about 12. Many 
heavy metals (e.&, Pb. Cd, and Cu) precipitate as hydroxides 
at this pH. However, some contaminants such as molybdenum 
become more mobde at elevated pH. 

Precipitation also may be induced by lowering the oxidation/ 
reduction state. Many contaminant-bearing minerals have ex- 
tremely low solubilities at low Eh. For example, dissolved 
uranium is-limited to about-2.4-ppb over the pH range 4 to 
14 if the solution is sufficiently reducing to form amorphous 
UO2.xH2O [SI. If dissolved sulfur is present, as is the case 
with most mine and mill wastes. contaminant-bearing sulfides 
are likely to form at low Eh but may require microbial me- 
diation to enhance the relatively slow conversion of sulfate to 
sulfide. 

Precipitation barriers are less dependent than sorption bar- 
riers on groundwater composition. For example, the increase 
in pH associated with hydrated lime is the dominant factor 
determining the fate of the contaminants. The extent of con- 
taminant extraction by a precipitation barrier will be nearly 
the same regardless of the incoming groundwater composition. 
Adsorption processes that would OcNr in a sorption barrier 
also are pH dependent, but the sorbents are less capable of 
controlling the solution parameters. The range of pH for op- 
timal adsorption of a contaminant will be different for each 
solution composition. Also, each contaminant has a different 
optimal adsorption pH range. Thus, accurate groundwater 
characterization is probably more critical to predicting the 
performame of sorption barriers than to predicting the per- 
formance of predpitation barriers. 

Sorption is strongly pH dependent Figure 2) and the optimal 

Table 1 Compositions of Test.Solutions 

Solution 
Number Na K Ca Mg So, c1 Alk As U V Mo Pb PdRa PH 

Fl 3680 23 304 65 6178 lo00 1902 1.0 30.0 1.60 8.9 2.0 20 7.0 
F2 3680 0 304 0 5894 lo00 1902 1.0 30.0 0.00 8.9 0.0 0 7.0 
F3 2468 16 455 81 5204 40 330 0.0 10.0 0.34 33.0 2.0 100 7.0 
F4 2% 32 540 140 1975 7 268 1.0 23.3 0.04 5.0 2.0 100 7.4 
FS 137 67 538 106 2025 18 10 0.0 7.0 0.07 1.2 0.0 69 7.5 

0 0  0 0 0 - 0  0 0.0 20.0 0.00 10.0 0.0 0 7.0 F6 

Concentration' 

.4 

'Conmirations in mg/L: IbRa in pCi/L: Alk (alkalinity) in mg/L as CaCO,. 
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PH 

range varies with the solution composition and the contami- 
nant. We reasoned that a sorption barrier may be most effective 

8 3 6 ~  
if it causes the groundwater to pass through a w i d e k g 7 o f  
DH valub k it flows through the barrier. To test this concept, I 

&e pH of femc oxyhydroxide was adjusted by equilibrating 
it with water at several pH values. 

Three column experiments were run using ferric oxyhy- 
droxide adjusted to pH values of 5 ,  6 ,  and 7; all other con- 
ditions were held constant. Deionized water containing 20 mg/ 
L of uranium and 10 mg/L of molybdenum at pH 7 was passed 
through the column. Figure 3 shows the results of these ex- 
periments. The column with femc oxyhydroxide conditioned 
at pH 7 was most effective in removing uranium and molyb- 
denum concmtrations in conpast to our expectation that pH 
5 would be most effective. Faric oxyhydroxkle conditioned 
at pH 7 also was more effective than other pH d u e s  when a 
more complex solution (test solution F1, Table 1) was used 
(Figure 4). Batch tests indicated that the optimal pH for U 
and Mo adsorption for test solution F1 was about 6.0 to 6.5 
(Figure 2). Ferric oxyhydroxide was able to buffer the pH by 
releasing hydrogen ions ip the deionized water experiments 
(Figure 3c) but not in the experiments using the complex so- 
lution (Figure &). The high alkahity of the complex solution 
apparently was able to take up any excess hydronium released 
from the femc oxyhydroxide surfaces. 

FIGURE 3. Effluent concentrations of U and Mo from column experiments. Ferric oxyhydroxlde was conditioned 
at pH values of 5,6, and 7. These column experiments contained 26 g of ferric oxyhydroxlde and the test solution 

contained 20 mglL of U and 10 mg/L of Mo in deionized water at pH 7. (a) U, (b) Mo, (c) pH. 

@I 
pH = 7.0 ' r 

. /  2 
n 

g 

FIGURE 4. Effluent concentratlons of U and Mo from column experiments. Ferric oxyhydroxide was conditioned 
at pH values of 5.5, 7.0, and 9.0. These column experiments contained 6.5 g of fenic oxyhydroxide and the test 

solution was F l  (Table 1). (a) U, (b) Yo, (c) pH. 

FIGURE 5. Effluent Concentrations of U and Mo-from column experiments. Ferric oxyhydroxlde was conditioned 
at pHlralue of 7.0. These experiments contained 6.5 g of fenic oxyhydroxlde; compositions of test solutions, Fl, 

F3, F4, FS, and F6 are given In Table 1. (a) U, (b) Mo, (c) pH. 
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Additional column experiments were run t o  examine the 
extraction of uranium and molybdenum by ferric oxyhydroxide 
(conditioned at pH 7) for a range of complex solution com- 
positions. The results indicate that the extraction efficiency is 
very dependent on solution composition (Figure 5). For so- 
lutions with high salt content, ferric oxyhydroxide is less ef- 
fective in extracting U and Mo. Aqueous complex& of 
uranium by carbonate is well known. Uranium extradon was 
greatest from those solutions having the least amount of car- 
bonate (as indicated by the alkalinities), which suggests uranyl 
carbonate complexing as a possible explanationof the uranium 
trends. The solutions differ in so many other ways, however, 
that more controlled experiments wil l  bc required to determine 
if carbonate complexing is the dominant control on uranium. 

GROUNDWATER CHARACTERIZATION 
The characterization of site-specific groundwater compo- 

sition is critical in evaluating the performance of a chemical 
barrier, particularly a sorption barria. Groundwater at a ura- 
nium mill tailings repository wil l  include pore fluids present 
in the tailings, a large volume of water introduced during site 
construction to control dust, and infiltration water. Ground- 
water characterization in our study consists of 50 samples of 

- 

40 (t) I (a I 

’-LL , _  I E l  
L 

pore waters from 11 lysimeters during a period of about 8 
years and five solutions formed by interacting water with tail- 
ings to simulate the construction water. Histograms showing 
distributions of U, Mo, sod, and alkalinity in tailings pore 
fluids (Figure 6) and in water interacted with tailings (Figure 
7) demonstrate the diversity of chemical compositions. Using 
these characterization data, it is possible to estimate the water 
compositions most likely to pass through the chemical barrier. 
Modeling of water-tailings interactions and of mixing of these 
w a t m  is needed to predict the fluid compositions more ac- 
curately. Because the fomp6sitioh of the test fluids is critical 
to evaluating the potential effectiveness of sorption barriers, 
site-specific groundwater characterization is needed. 

cc) 
2 

- 

RELATIONSHIP OF GROUNDWATER FLUX TO 
BARRIER PERFORMANCE 

2 
0 - 

B 

L [  

Chemicals used in the barrier must be positioned so that 
more chemical material is placed in areas that will receive higher 
flux of contaminated groundwater. One of the most likely 
failure scenarios for a chemical barrier is miscalculation of 
groundwater. fluxes. An accurate flow model of the site is 
necessary for proper placement of chemical barrier material. 

Environmental P- 



It may be possible. in some cases, to engineer a repository with 
an underground drain that will localize the flow. In this case, 
barrier materials can be placed in the drain to reduce the risk 
associated with the possibility of flow missing the barrier. 

Chemical reactions in the barrier may precipitate minerals 
in the pores and cause reduction of hydraulic conductivity so 
that flow is diverted away from the barrier. This effect is likely 
to be more dominant in precipitation barriers than in sorption 
barriers. Theoretical considerations of precipitation chemistry 
can help to determine the likelihood of porosity plugging; 
however, properly instrumented laboratory columns and field- 
scale pilot studies are needed to evaluate this aspect more 
completely. 

BARRIER AGING 

A barrier can fail (in the sense that it can no longer im- 
mobilite contaminants) if the chemicals become modified by 
aging. If enough groundwater passes through, all barriers even- 
tually wil l  become loaded and no longer will be effective for 
immobilizing contaminants. Ferric oxyhydroxide is known to 
convert to goethite (FeOOH) over time periods of weeks to 
years, but it is not khown what in situ conditions control the 
rate of conversion. Goethite adsorbs many of the same con- 
taminants as femc oxyhydroxide; thus, experiments using 
goethite are needed to quantify its adsorption capacity. Re- 
crystabation of femc oxyhydroxide (either to goethite or to 
a more crystalline femc oxyhydroxide) can cause a, decrease 
in sorption capacity and rates because of decreasing surface 

Lime can react with silicate minerals in the chemical bamer 
to produce calc silicates and limit the amount of free lime 
available for the desired precipitation reactions. The chemical 
conditions required for these reactions and their rates in geo- 
logic media are not well known. If these reactions are not 
considered, the barrier could be depleted of hydrated lime 
sooner than predicted. 

area. 

UNDESIRABLE MODIFICATIONS TO AQUIFJZRS 
FROM CHEMICAL BARRIERS 

Potential risks of using a chemical barrier must be evaluated 
as well as the potential benefits. The technology for chemical 
barriers is not well developed. Field experiments and actual 
usage will be needed before it can be reasonably certain that 
laboratory data and model concepts will predict accurately the 
performance desired at a site. However, field usage will only 
be permitted if minimal risks are associated with the barrier. 

::f 
10 

Precipitation b&ers are more likely than sorption barriers 8 3 6 
to degrade the groundwater composition. Hydrated lime will 
add a significant amount of calcium and will increase the pH, 
but ferric oxyhydroxide (a sorbent) is not likely to contribute 
any significant amounts of chemicals to the groundwater. Fer- 
ric oxyhydroxide (the naturally occurring form often is referred 
to as ferrihydrite) is present in most soils and aquifers and 
probably accounts for much of the retardation of contaminants 
that occurs as contaminated fluids flow through the subsur- 
face. By concentrating ferric oxyhydroxide in a barrier, con- 
taminants are simply extracted in a more limited area than 
would accur by natural processes alone. 

The reaction rates for the exampla in these aperimenu 
appear to be sufficiently fast with respect to groundwater flow; 
they can be considered to go to equilibrium instantaneously. 
Chemical water-treatment plants must use processes that react 
quickly because of the large flow rates that are required. 
Groundwater flow through a chemical barrier, however, typ- 
ically is slow (1 to 100 meters per year) and reactions are more 
likely to go to  completion. Rates for many reactions of interest 
to chemical barriers are not well known. No generalizations 
can be made comparing reaction rates in precipitation versus 
sorption barriers. 

Failure to recognize slow reaction rates in laboratory sim- 
ulations may cause useful barrier materials to be overlooked. 
As an example, consider the reaction of hydrated lime on the 
precipitation of uranium minerals. An experiment was set up 
with 3 g of hydrated lime placed in a sand column. The flow 
rate was set to take about 20 minutes for the fluid to pass 
through the hydrated Lime layer. On the basis of the results of 
long-term (3-day equilibrations) batch experiments, 3 g of 
Ca(OH), should have been able to maint+n uranium concen- 
trations below 0.500 mg/L for about 4 L of solution. The 
results of uranium concentrations in the column effluent are 
shown in Figure 8a. The uranium concentration was never 
lower than 0.944 mg/L and concentrations increased dramat- 
ically after only 400 mL of solution. This result can be ex- 
plained by considering the rate of the reaction as determined 
from a timed batch test. An excess amount of hydrated lime 
was added quickly to test solution F1 (Table 1) that contained 
30 mg/L of uranium. Samples were taken at timed intervals, 
quenched with water, and immediately measured for uranium 
concentration. The results are compared with a first-order rate 
curve in Figure 8b. More than 1 hour was required for the 
uranium concentration to fall below 0.500 mg/L (representing 
approximately complete reaction). This length of time is more 
than the contact time (about 20 minutes) with hydrated lime 
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FIGURE 8. Kinetics of hydrated lime reaction with uranium; (a) results from a column experiment using 3 g of 
hydrated lime, test solution F2, and a contact time with hydrated lime of about 25 minutes; @) results of timed 

batch experiments In which excess hydrated lime was reacted with test solution Fl. 
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in the cohunn experiment. Therefore, slower flow rates’likely 
wil l  improve the performance of the hydrated lime. 

PERFORMANCE MODELING OF CHEMICAL 
BARRIERS 

The ability to predict long-term performance accurately is 
as important to the success of chemical barrier remediation as 
with any other groundwater remediation technology. Because 
chemical barriers rely on chemical reactions, it is particularly 
important to use accurate chemical models. Traditional con- 
taminant transport models that invoke a single bulk distri- 
bution coefficient to simulate all the chemical processes are 
not desirable for predicting interactions in chemical barriers. 

Ideally, models can be constructed that w fundamental 
thermodynamic and kinetic principles to predict the contam- 
inant interactions with a chemical barrier. The most widely 
accepted models used to describe chemical processes such as 
those that would occur in chemical barriers invoke mass-action 
principles to describe aqueous complexation, mineral precip 
itationand dissolution. and surface-site binding. These models 
accurately predict the distribution of contaminants between 
solid and aqueous phases in static, closed. and relatively simple 
chemical systems. However, few studies are available that val- 
idate their application to the more compla, dynamic, open 
systems that will occur in chemical barriers. 

Successful models will need to simulate twe and three-di- 
mensional dynamic flow-through systems. They will have to 
account for flow patterns in both saturated and unsaturated 
media and have the capability to predict the chemical inter- 
actions. Much progress has been made @I rccent years to de- 
velop coupled modeling coda capable of performing these 
tasks. Probably the most advanced of these codes is HYDRO- 
GEOCHEM [a, which is able to partially couple equilibrium 
aqueous-solid chemical reactions with two-dimensional vari- 
ably saturated flow. Chemical reactions included in the model 
are aqueous complexation and precipitationldissolution based 
on mass-action principles; adsorption, using site complexation 
constants adjusted for surface charge in the electrical double 
layer, and ion exchange. Currently lacking in HYDROGEO- 
CHEM is the ability to calculate kinetics; however. the code 
was written in a way that readily will allow the implementation 
of a kinetic algorithm [ 7J. Permeability modifications that are 
due to mineral precipitation in the chemical barrier may be 
important in chemical barriers but cannot be modeled using 
HYDROGEOCHEM. Small field-scale Simulations using HY- 
DROGEOCHEM have bccn run efficiently on a DECSOOO 
desk-top computer workstation in our laboratory. 

We are using HYDROGEOCHEM to simulate the effects 
of chemical barriers on contaminant plumes. Partial results of 
a “model validation” study are shown in Figure 9. The method 
of goethite (FEOOH) synthais, goethite surface properties. 
and thermodynamic constants are those of Tripathi [SI. Simple 
site complexation without correction for electrical double-layer 
charge distribution was used to model adsorption of uranium 
on goethite. Deionized water with 0.1 molar NaNO,. 1.0 
mg/L uranium, and pH 4 was passed through the column at 
a flow rate of about 2.8 liters per day in a carbon dioxide-free 
environment. Figure 9 shows the predicted and observed con- 
centrations of uranium for the fourth day. The model did not 
quantitatively predict the observed uranium distributions but 
did predict the uranium concentration to rise above the in- 
coming value, which is consistent with the results of the column 
experiment. Prediction of a concentration above the incoming 
value is mathematically impossible using traditional diaribu- 
tion-coefficient approaches. Refinements are needed, proba- 
bly, in both the HYDROGEOCHEM model parameters and 

QQQ$af-k%nimum, be able to 
the experimental design. 

Successful models will 
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B 5 i o 4  ,’ Predicted 
0 4  

, 
0.0 0.4 0.8 1.2 1.6 2.0 

u (mgN 
FIGURE 9. Dissolved uranium for day 4 of a model Val. 

idation column experiment 

predict accurately contaminant distributions of complex 
aqueous solutions with barrier materials such as those pre- 
sented in Figure 5.  Fortunately, one of the favored chemical 
barrier materials, ferric oxyhydroxide, has been studied in great 
detail [9, IO] so there is reasonable hope that accurate models 
can be generated with only a limited amount of additional 
laboratory work. The effect of ferric oxyhydroxide on hy- 
draulic conductivity probably is minimal, which also is for- 
tunate because no models exist that can predict reliably that 
aspect of coupling. 

CONCLUSIONS .. ~ 

Chemical barriers can offer a low-cost alternative to pump 
and-treat groundwater remediation. Characteristics of chem- 
ical barriers can be evaluated more meaningfully by considering 
them as two general types: precipitation and sorption barriers. 
Some industrial materials have been shown to be effective in 
extracting some types of contaminants from solution and may 
be cost effective for some chemical barriers. Most of the chem- 
ical barrier research performed to date has focused on eval- 
uating the extraction potential of select industrial materials 
using laboratory testing on a variety of groundwater compo-. 
sitions, contaminant types, and pH ranges. More efforts are 
required to develop accurate predictive chemical models, eval- 
uate flow patterns at specific sites, and integrate chemical 
barriers into large-scale remediation designs. It is unlikely that 
a “standardized” chemical barrier can be developed for routine 
use at waste sites. Rather, the characteristics of each site will 
need to be evaluated before determining the appropriateness 
and type of chemical barrier for a specific site. 
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Technology Review Summary Table 
Soil Stabilization 
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Time 
Frame 

1996 

*.  
~ . . Study 

Laboratory Scale Treatability Study 

Reactants 

MAECTITE" 
"proprietary 

Molecular 
Bonding System 
(MBS") 
*proprietary 

Conditions 

Laboratory Leach Tests 

Unknown Ongoing 

Presented 
1995 

Bench Testing 

Immobilization of Uranium Transport in 
Soils using Phosphate Amendments 

Rock Phosphate 
Calcium 
Phosphate 
Diammonium 
Phosphate 

Laboratory Batch Equilibrium 
Small Column Elution 
Large Column "Lift" 

H ydroxy-apatite 
Phosphate Rock Laboratory Column Leaching 

Phosphate Rock Laboratory Column Leaching Ongoing 

Ongoing 

Phosphate -Induced Immobilization of 
Uranium for Fernald Groundwater 

Phosphate Mineralization of Actinides by 
Measured Addition of Precipitating Anions 

Phytic Acid Laboratory 

Technology Review Summary Table - Soil Stablllzatlon .- 

Research Organization Contaminants 
of Concern 

Media 

~______ ~ ~~ 

Sevenson Environmental Services 
Chuck McPheeters 
(8 1 2) 988-9930 

U 
Primary and 
other radio- 

nuclides 

FN On-Site Soils 
FN On-Site 

Groundwater 

IDM Environmental Corporation 
University of New Mexico 
Nathan Hunt - IDM 
(423) 483-6223 

Radio-nuclides u 

~~ ~_______ 

Oak Ridge National Laboratory 
Chet Francis 
(61 5) 574-7257 

(FN) On-Site 
Soils and 
Simulated 
Groundwater 

U 

Alliance of Ohio Universities 
Ohio State University 
(FN) Dick Scheper 

OSU - Samuel Triana 
(5 1 3) 648-4376 

(61 4) 292-9032 

Phosphate - Induced Immobilization of 
1995 I Utanium in Fernald Soils 

(FN) .On-Site 
Soils and Lab 
Simulated Acid 
Rain 

U 

Alliance of Ohio Universities 
Ohio State University 
(FN) Dick Scheper 

OSU - Samuel Triana 
(51 3) 648-4376 

(61 4) 292-9032 

U (FN) On-Site 
Groundwater 

Argonne National Laboratory 
Ken Nash (630) 252-3581 

Actinides FN-On-Site Soils 
Other 
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. Study 

Immobilization of Metals/Uranium by 
Anaerobic Bacteria 
-information Pending 

- 

Technology Review Summary Table - Soil Stabilization 

Contaminants 
of Concern 

4 1 Research Organization 
1 

Acidic aqueous 
sotutions,UO,2+ 

Brookhaven National Laboratory 
Dr. A. J. Francis 
(51 6) 344-4534 

Laboratory scale modeling Pacific Northwest Laboratory 
John Zachara 
(509) 375-2993 

Time 
Frame 

1996 

.I 
Media 

~~ ~~~ ~ 

Surface-charge Properties and U02*+ 
Adsorption of a Subsurface Smectite 

U CIaylSmectite 

Page 2 

I Conditions 1 Reactants 
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Reports from Argonne National Laboratory 
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Dick: 

TO: Dick Scheper 
FAX #: (513) 6484476 
FROM: KenNash 

DATE: 4/19/96 

FAX #: (708)252-7501 
VOICE #: (708) 252-358t 

PAGES: 5 

The remaining three pages are from the programmatic review we did earlier this week. The 
first page has a plot of the effed of phosphate on uranyl solubility and the further effect of 
calcium. Under these conditions, uranyl sdubiiity is about los M. The second page 
includes Our cartoon depicting how this approach might be used.on Femald soils and the 
results of an experiment comparing the inherent affinity of the soil sample for uranium as 
compared with l / l O t h  the mass pf calcium phytate. within a couple of days, uranium is not 
detected in the solution phase. The third page is a demonstration of the effect of mixing 
calcium phytate with the Fernald soil. The percentage removed appears to be linearty 
correlated With the weight % of calcium phytate. The next stage of this experimentwill be to 
elevate the temperature to simulate long-term contact and hydrolysis of phytate to 
transition into the mineralization phase (and formation fo uranyl phosphate). All of these 
experiemnts were done using tracer. These initial data look pretty good to us and 
were favorably received by the reviewers. 

Argonne National Laboratory 
Chemistry Division 
9700 S. Cass Ave. 

Argonne. IL 60439-4831 
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f Fernald: Waste Disposalfireatment i 
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I I 

i and Soil Characteristics 1 
I Soil washing-has-been abandoned in-favor of soil disposal 1 i 
I 

I 

I 
! 

! 
i 

1 
1 Soil characteristics: glacial till, sand,gravel, glacial lake clays, and silty I 

clays, moderate alkalinity, uranium concentration ranges from 
natural background up to several thousand ppm (mainly in the top i 
0.45 m of the soil column). Uranium associated minerals include 
fluorite (CaF,), iron oxides, uranium oxides, uranium phosphate. 
Soluble uranium species and most if the insoluble species are 
hexavalent 

1 I 
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" Uptake of Uranyl from Synthetic Groundwater: 
Clay Soil Sample from Fernald, Ca,,H,(phytate) 

233~OT tracer at 29x1  O4 PVI initially 
8.0 mlO.1 M NaCl, 0.0005M NaHCO, 
Solid - liquid mixture stirred for 3 weeks 
pH and uranyl concentration monitored 
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Uranyl Concentration in Solution 

Contact Fernaldsoil Ca4SHAPhytW 
time 250mg 30 mg 
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Recluced Concentration of 
Uranyl Ion in Contact with 
Fernald Glacial Till Soil 
Using Calcium Phytate 
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Phosphate Mineralization Using Organophosphorus Complexants: 
Actinide Immobilization in Geomedia 

Dr. Kenneth L. Nash 
Heavy Elements Coordination Chemistry Program 

Chemistry Division 
&gome National Laboratory 

This program has as its goal the development of a new technology which combines cation 
exchange and mineralization to reduce the solubility (and hence mobility) of heavy metals (e.g., 
uranium) in the environment. The ideal reagent will be an environmentally-acceptable chelating 
agent, capable of first sequestering the heavy metal ion by a cation exchange mechanism. The 
chelating agent should spontaneously decompose with time, releasing a component capable of 
forming insoluble mineral phases with the target metal ions. For the actinides, the ideal compound 
will release phosphate, as actinide phosphate mineral phases are typically the least soluble species of 
these metals, as evidenced by the existence of the f element phosphate mineral monazite. 

The natural product phytic acid (shown below) is a simple sugar derivative containing six 
ionizable phosphate groups. It hydrolyzes under environmental conditions (tw = 100-200 years in 
the absence of microbiological factors at pH 5-6) to release phosphate and harmless sugars. Our 
previous research results established the rate of decomposition of phytic acid, measured the 
apparent reduction of actinide solubility in the presence of phosphate, 
identified the most probable mineral phases for trivalent and 
hexavalent actinides, and verified that actinide phosphates are 
produced as a result of phytate decomposition. Ongoing research 
explores the cation exchange behavior of calcium phytate 
(C~.5H3@hytate)), the effect of matrix cations (like Ca2+) on the 
apparent solubility of actinide phosphates, and examines the viability 
of the process for disposal of uranium contaminated soils from the O W 4  
Femald site. h e  Fernald application involves incorporation of soluble sodium phytate or insoluble 
calcium phytate into soil samples to reduce the solubility of U022+ in the soil disposal system, as 
described in the drawing below. 

Future research activities will profile the behavior of plutonium in this process, the effect of 
natural polyelectrolyte chelating agents (humic materials) on the mineralization process, compare 
this isolation method with the effectiveness of hydroxyapatite coprecipitatiodsorption, and 
complete an additional laboratory demonstration using a more porous, sandy soil sample to 
complement the studies of the Fernald clay. 
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PHOSPHATE MINERALIZATION OF ACTINIDES 
BY MEASURED ADDITION OF PRECIPITATING ANIONS 

TECHNOLOGY SUMMARY 

In response to a request fiom the Efficient Separations and Processes Program at DOE for 
technologies to reduce the mobility of radionuclides in the environment, The Heavy Elements ~ 

Coordination Chemistry program in the Chemistry Division at Argonne National Lab is developing 
a new technology which combines cation exchange and mineralization to reduce the solubility of 
heavy metals (in particular, uranium, thorium, and transuranic elements) in the environment. The 
ideal reagent will be an environmentally-acceptable chelating agent, capable of first sequestering 
the heavy metal ion by a cation exchange mechanism. The chelating agent should spontaneously 
decompose with time, releasing a component capable of forming insoluble mineral phases with the 
target metal ions. For the actinides, the ideal compound will release phosphate, as actinide 
phosphate mineral phases are typically the least soluble species of these metals. The natural product 
phytic acid (myo-inositolhexakis(phosphoric acid)) is a simple sugar derivative containing six 
ionizable phosphate ester groups. It decomposes spontaneously under environmental conditions to 
release phosphate and harmless sugars. Previous research in this program has established the basic 
principal of phosphate mineralization of actinides, identified the mineral phases, and determined 
phytate decomposition rates. Ongoing research explores the cation exchange behavior of calcium 
phytate and coprecipitation mechanisms for enhanced stability of the actinide bearing solids. 
Laboratory testing of the process on "synthetic" soil samples and soil fiom the F d d  site is 
underway. 

TECHNOLOGY DESCRIPTION 

Unplanned releases and direct discharges have contaminated soils and waters at many DOE sites. 
Planned disposal of materials contaminated with radionuclides also accounts for a significant 
portion of the radionuclides in the subsurface environment. Several mechanisms exist for the 
dispersal of the contaminants to the wider environment. For those materials possessing appreciable 
water solubility, serious contamination of the local environment may occur by the agency of surface 
water .runoff and percolation through underlying geologic strata. This pathway represents a potential 
direct route for invasion of the biosphere by radioactive metal ions. Among the long-lived 
radioactive materials, the transuranic actinides are generally considered to represent the greatest 
long-term hazard. 

0 Most of the radionuclides in the b&ed waste disposal trenches are sorbed on surfaces. These 
surfaces are usually metallic, organic (paper and plastic), or mineral in nature. The surrounding' 
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geologic strata provide additional surfice sorption opporhmities. The chemical form of the sorbed 
radionuclides is extremely variable ranging fiom rather intransigent oxide films to potentially 
soluble metal nitrate residues. The latter species in particular are susceptible to mobilization when in 
contact with natural waters. Natural chelating agents like humic and l lv ic  acids, which are present 
at low concentration in most groundwatexs, can facilitate environmental migration of heavy metals 
even when the metals are present in moderately insoluble forms. The potential for migration to the 
surroun~genvironmentwouldbegrea;tIydecreasedifthemetalionswereconvertedtomuchmore 
insoluble, thmodynamically stable forms. 

An approach to isolation of radionuclides fiom the hydrosphere that is receiving increasing attention 
is in-situ immobilization. Rather than removing the actinides from contaminated soils, this strategy 
is designed to transform the actinides into intrinsically insoluble mineral phases resistant to leaching 
by groundwater. The end result of this approach will be to reduce the concentration of the 
radionuclides in the most available form (water soluble), without the expense and risk associated 
with excavation to permanently remove them from the soil. The principal advantages of this concept 
are the low cost and low risk of operator exposure andor dispersion of the radionuclides to the wider 
environment. The challenge of this approach is to accomplish the immobilization without causing 
collateral damage to the environment (the cure shouldn't be worse than the disease) and verification 
of system performance. It should be emphasized that the target of this technology is water soluble 
heavy metal radionuciides, as these species are the chemical form of the heavy elements most likely 
to represent a pathway for entry of radionuclides into the food chain. Insoluble, immobilized 
mineral species represent anegligible risk to surrounding ecosystems. 

For the actinides, thermodynamic calculations and observation of theaatural world suggest that 
phosphate may be the ideal medium for in-situ immobilization. The existence of major deposits of 
rare-earths, thorium, and uranium in monazite sands in the subtropical environment represented by 
central Florida or the Mom do Ferro site in Brazil is  nature'^ testimony to the stability of this 
mineral phase. Thermodynamic calculations based on the best available data further supports the 
low solubility off element phosphates, as shown in Table I .  Conversion of surface-sorbed actinide 
ions into thermodynamically stable mineral phases will decrease the tendency of the nuclides to be 
transported by groundwater and simultaneously improve the predictability of such movement by 
thermodynamic models. 

This initiative comprises the measured addition of a reagent designed to generate a precipitant in the 
groundwater or soil in a manner which is most favorable for the formation of thermodynamically 
stable insoluble mineral phases. The reagent must be compatible with the groundwater and soil, 
potentially using groundwater/soil components to aid in the immobilization process. The delivery 
system should first concentrate the radionuclides, removing them from the groundwater flow by a 
cation exchange process, then release the precipitating anion which forms thermodynamically 
stable mineral phases. The combination of the concentrating power of a cation exchanger and the 
slow generation of an inorganic reagent which forms insoluble mineral species with the target metal 
ions is expected to generate thermodynamically stable mineral phases mistant to weathering. 
Ideally, this approach would effectively sequester the metal ions indefinitely with leaching behavior 
determined by the thermodynamics of the system, and therefore readily predictable. 
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Delivery of the organophosphorus complexant could be tailored to the requirements of the 
application. For soils/groundwaters contaminated at depth, introduction of the organophosphorus 
reagent in the form of a water soluble salt (for example, by injection into a well) would provide the 
most economic alternative, shown on the right in Figure 1. This approach would obviate the need to 
excavate and treat soil samples, thus mbimizhg the attendant possibility that the contamma on 
would be spread. Success is highly dependent on the formation of insoluble salts of the 
organophosphorus reagent, either with the target metal ions or inert matrix components (like ca2" 
and F$+). Alternatively, if the target contamination was in the near slrrface environment, the 
organophosphorus chelating agent could be applied as a solid or a slurry (for example, ofthe calcium 
salt of the chelating agent), as illustrated on the left side of Figure 1. Application in this manner 
could be used to create aphysical barrier to migration. 

. .  

The mineralization concept has the potential to immobilize radioactive metal ions in the 
environment. It repments a safe, simple, and inexpensive alternative to pump-and-treat methods 
for groundwater decontamination or the installation of massive barriers to prevent nuclide migration 
(in situ grouting). Alternatively, it could be applied as a finishing step following the removal of most 
of the radionuclides fiom the site. The process could be applied to waste disposal sites like W o r d  
and MEL (used either before or after burial) or to areas of accidental environmental contamination 
(Fernald, Rocky Flats). Technology development activities to date include a test of the effectiveness 
of this strategy using a soil sample from the Femald site. 

Technology Status: 

This program is in the second year of a planned three year research project. At present, all 
activities are confined to the laboratory using simulated groundwaters and simulated or actual soil 
samples. Application of the technology ultimately developed is expected to be promoted through the 
Contaminant Plume Containment and Remediation Focus Area. Key basic elements of the 
technology have been demonstrated. Experimental details necessary for performance verification 
and near site-specific considerations are the subject of continued investigation. Possible 
demonstration may evolve fkom ongoing laboratory investigations with soil samples from the 
Fernald Environmental Management Project. Further investigations are planned using materials ' 

fiom an additional site. 

.. 
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.,... 



Key Results 

Phytic acid (myoinositol-hexakisphosphoric acid, shown in Figure 2). bas been identified as an 
organophosphorus complexant suitable to the purposes of this technology. It is an abundant natural 
product, a dodecabasic phosphate ester possessing six potential binding sites, and is known to 
sequesterpolyvalentcationsandtospontaneouslydecomposeintheenviromnent. 

The half-life for hydrolysis of phytic acid (25OC) at pH 5 (1 00 years) and pH 6 (1 50 years) has been 
established ia laboratory investigations at elevated temperatures (results summarized in Figure 3). 
Literature reports imply that this lifetime will be reduced through the action of microorganisms and 
via catalysis of hydrolysis by polyvalent metal ions. 

Thermodynamically stable crystalline phosphate mineral phases of Eu3' (representative of trivalent 
actinides) and U022+ (as representative of hexavalent actinides) have been identified as a result of 
both phosphate addition and phytic acid decomposition. Phosphate mineral phases of Th4+ 
(representative of tetravalent actinides) have not been identified, but solubility is low presumably 
controlled by the well-known hydroxides and oxides of thorium. 

Radiotracer experiments have established that the observed solubility of Eu-phosphates in contact 
with a synthetic groundwater is consistent with the predictions of thermodynamic models, and are 
approximately 1 Oa9 M at pH 5-8 in the presence of submillimolh concentrations of phosphate. The 
solubility controlling mineral phase is either monazite (LnPO4) or the hemi-hydrate (LnPO& 
H20). 

Solubility of uranyl in phosphate media is controlled at about 10'' M at pH 5-8 by M total 
phosphate, and is lower than that predicted by thennodynamic models, particularly at high pH (7-8). 
The solubility controlling mineral phase appears to be (uo2)3(Po4)2. 

Solubility of N p O  is controlled at about 10" M in 1 0'3 M phosphate medium at pH 7-8. Phosphate 
has a less significant effect onNp(V) solubility at lower pH. 

Addition of calcium at 1 0'3 to 1 0'2 M reduces the solubility o f N p 0  to below 10" M atpHcI. 

C~.5H3(phytate) is an effective cation exchanger for U(W) and N p O  between pH 5 and 8, 
reducing N p O  solubility to about 10'' to 1 0'8 M and U(W) to below detection limits (1 0'lo M). The 
system attains equilibrium with stirring in the laboratory within 24-48 hours. 

Tests are underway investigating the effectiveness of calcium phytate ion exchange and 
mineralization on the solubility of uranium in a synthetic groundwater contacting soil samples fiom 
the Femald site. For example, addition of 1-1 0 weight % calcium phytate to a soil sample fiom the 
Femald site reduces U(W) solubility by 1 02-1 O3 and is more effective on a per equivalents basis than 
freshly precipitated calcium phosphate or hydroxyapatite (where the sequestration mechanism is . 
surface sorption). This effect is described in Figure 4. 



l o  Overall Prograrn'Schematic: 

Into an environment containing measurable contamination by transuranic elements, this technology 
would be applied as follows (Figure 5): 

1) Introduce the organophosphorus complexant (phytic acid) either as a soluble sodium salt (at the 
appropriate pH) or as the dominant calcium species Ca4.5H3(phyta&) by physical means approPriate 
to the material. Det ermination of the mode of addition would be made by elemental analysis of 
groundwaters or soil samples. For strata containing appreciable concentrations of calcium, 
magnesium, or other polyvalent metal ions, soluble phytate can be introduced. Upon contact with 
the polyvalent metal ions our results indicate that the Caa5H3(phytate) cation exchanger will be 
formed spontaneously. For low ionic strength waterdsandy soils, the phytate would probably be 
introduced as solid Ca05H3(phytate). 
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Soluble phytic acid will sequester polyvalent cations in the order of their complexing strength, i.e., 
An4+ > Fe3+ > > An3' > AnO2' > Mg2+ > Ca2' (subject to solubility constraints for the 

phytate (up to 6 equivalents/mole of phytate) is possible without resolubilization of the phytate. 
Even the most problematic actinide (NpCV)) is bound strongly enough by phytate to displace 

chemistry closely parallels that of N p o ,  this strategy is expected to be effective for Pu as well. 
Examination of plutonium speciation within this technology is planned for development activities 
in FY 1997. 

metal ions). Experimental results indicate full substitution of uranyl ion for calcium in calcium 

calcium. Since Pu(V) is the dominant soluble plutonium species in the environment, and its 

-. 

_ .  

2) In the absence of microbiological effects andor significant catalysis of hydrolysis by polyvalent 

spectroscopy indicates inositol as the major organic product. No evidence was found for significant 
buildup of intermediate inositol@hosphate) species (R(P0&€2)& implying that phytate tends to 
decompose fully with loss of the first phosphate group. Independent of the starting pH, all systems 
tend toward a final pH of 6, buffered by the NaH2POqMa2HPOq hydrolysis product. Extrapolation 
of the rate parameters using the Arrhenius relationship at pH 5 and 6 (data shown in Figure 3) gives 
the lifetime for phytate 104 f 22 years at pH 5.1 and 156 f 42 years at pH 6.0. The cation exchange 
sequestration mechanism can therefore be assumed to operate effectively for up to several hundred 
years. Literature reports indicate that microbiological effects can shorten this lifetime by orders of 
magnitude. Other reports have implicated polyvalent metal ions in accelerated phytate hydrolysis. 
Accelerated phytate decomposition by polyvalent cations or microbiological activity should not 
reduce the overall effectiveness of this technology, as accelerated hydrolysis will only promote the 
transition to the mineralization stage at an earlier time. A concern would be the potential for uptake 
and transport of the metal ions by the microorganisms, which will vary in importance from site to 
site and would have to be evaluated accordingly as part of the process of using this technology. 

. 

cations, laboratory results indicate that phytic acid slowly hydrolyzes to release phosphate. NMR -. . 

Crystalline lanthanide (EGO4 and EGO4.1/2 H20) and uranyl phosphate ((U@)3(P04)2) sdlids 
have been identified in pH 1-5 phosphate media and M e r  demonstrated to exist as a result of the 
hydrolysis of lanthanide and uranyl phytates. Results for thorium (as representative of the 
tetravalent actinides) indicated no evidence for the formation of crystalline thorium phosphates, 

* - ,  
* -4 ,.r .- 



though the existence of amorphous thorium phosphates c m o t  be ruled out. Weak Th(OH)4/ThO2 
lines appear in the X-ray powder diffraction pattern indicating that these species may control the 
solubility of thorium. 

3) Slow release of phosphate combined with localized concentraton of actinides (due to the cation 
exchange behavior of phytic acid) is expected to lead to the formation of thermodymmhUy stable 
actinide phosphate mineral phases. It is expected that the target actinide concentrations will be low 
enough that accidental criticality should not be a problem, but this factor would have to be 
considered in deployment of this technology under some conditions. Using both available 
thermodynamic data on actinide phosphate solubility and/or comparable data yet to be determined, 
the long-term solubility of actinides in the geomedia can be predicted using thermodynamic models. 
Available data in the literature indicate that phosphate mineral phases are the optimum medium for 
in situ actinide sequestrati,on. The chemical equilibria involved in the sequestration process are 
shown in Figure 5.  . 

The "solubility" of europium, uranyl, and neptunium(V) as a function of pH and phosphate 
concentration in a synthetic groundwater solution ( I 4 . 1  M, [NaHCa] = 0.5 mM) has been 
determined in a series of experiments using radiotracers. Solid films of metal nitrates, hydroxides, 
and citrates were deposited on glass surfaces and contacted with the synthetic groundwater 
solutions. In both the europium and uranyl systems, the concentration of the radionuclide in the 
synthetic groundwater was controlled by phosphate even at 0.1 mM total phosphate. Europium 
concentrations were less than 2 X M even at the lowest phosphate concentration. Uranyl 
concentrations were below 2 X 10" M in the presence of phosphate with concentrations decreasing 
at higher pH. Each of these solubility limits is at least 10 times lower than that observed in the 
absence of phosphate and generally consistent with thermodynamic calculations. Np02+ 
concentrations were not appreciably affected by phosphate except at pO4]t > 1 .O mM and at pH 7-8. 
Under these conditions, Np solubility is controlled at about 10'6 M. Ongoing experiments are 
investigating the effect of coprecipitation on [ N p a q  in solution. 



836 .. 

Laboratory Demonstration with Fernald Soils Sample: 0 
The Femald site (presently known as the Fernald Environmental Management Project, FEW)  was 
established in the early 1950's for processing uranium and its compounds lkom natural uranium ore 
concentrates. Over the operating lifetime of the plant, which extended to 1989, various plant 
operations resulted in substantial contaminaton of soils on the site with uranium. Site restoration 
activities initially focused on soil washing procedures to decontaminate the soils to retum the site to 
its preproduction condition. Unfortunately, soil washing procedures designed to remove uranium 
contamination have proven less effective than hoped for. Presently, site closure plans call for the 
disposition of contaminated surface soils in engineered landfills at the FEW site. The soil samples 
are to be excavated, treated, and disposed of in the engineered facility. It is toward improving the 
reliability of this process that the phosphate mineralization technology could be applied with good 
effect. Laboratory experiments using a glacial till soil sample are in progress which test the 
applicability of the phosphate mineralization process to this landfill alternative. Ongoing research in 
our laboratory has established that uranium concentrations in synthetic groundwater samples are 
reduced to below 10"O M by calcium phytate sequestration. The solubility of uranium after 
mineralization ofthe phytate is the subject of ongoing research. 

The contaminated soils are to be deposited in the engineered bins in six inch layers of soil, 
chemically treated, compacted, and another layer of soil deposited. The process will be continued 
until the bin is filled then it will be capped and maintained indefinitely. Phytic acid cation exchange 0 and phosphate mineralization is an attractive method for improving the viability of this disposal 
option. Phytate, either as the pH adjusted, water soluble sodium salt or as the insoluble calcium salt, 
would be applied to the surface of the six inch soil layers. The soluble phytate would penetrate the 
layers to some degree while the insoluble calcium phytate could either be mixed (more-or-less) 
homogeneously into the soil samples before disposition or deposited as a layer of insoluble material. 
Any mobility of uranium within the disposal bin would occur through the agency of water 
movement. Vertical transport would carry the soluble uranyl ion to the phytate cation exchanger 
where it would be complexed and immobilized. Because phytate is an inexpensive natural product, 
its use should be cost effective. We are presently searching for a suitable supplier of phytic acid. Our 
research has demonstrated that calcium phytate is several times more effective than an equivalent 
molar amount of calcium phosphate or hydroxyapatite. The general concept for this application is 
shown in Figure 6. 



Benefits 

Because it involves only the application of inexpensive reagents, the method of phosphate 
mineralization by decomposition of organophosphorus complexants promises to be an economical 
alternative for in-situ immobilization of radionuclides (actinides in particular). The method relies on 
the inherent (thmodynamic) stability of actinide mineral phases. This has the dual benefit of 
inherently low radionuclide solubility, and greater predictability based on the application of 
thermodynamic modeIs for performance verification. In-situ immobilization elidnates the need for 
excavation, thus reducing the risk of operator contamination and airborne dispersion of 
radionuclides to the surrounding environment. 

The principal benefits to be derived fiom the demonstration of this process are the elimination of the 
need for pumping of groundwaters or excavation of soils to maximize the environmental . 
(geochemical) stability of radionuclides in buried wastes. Immobilization of radionuclides in the 
subsurface environment can be accomplished by this method at low cost and without the 
construction of massive barriers to restrict groundwater flow. Because thermodynamically stable 
actinide phosphates are formed, accurate prediction of the potential for radionuclide migration will 
be possible via thermodynamics-based geochemical models. 

Keywords: Mineralization, actinides, phosphate, groundwater, in-situ treatment, environment 
remediation. 

For further information, please contact: 
Kenneth L. Nash 
Principal Investigator 
Argonne National Laboratory 
Argonne, Illinois 60439 
0 2 5 2 - 3 5 8  1, (N) 252-7501 (FAX) 
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Cation Exchange - M3+ + R(PO,),NU,, = R(PO,),Na,M + 3 Na' 
Hydrolysis - R(P0 ) Na,M + 6 H,O = R(OH), + 6 HPO;' + 9 Nu' + M3+ 
Mineralization - M + PO:- = (MPO,), , 3 +  
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Technology Summary 

TUCSPhosphate Mineralization of Actinides 

Task Description 

An approach to isolation of radionuclides from the hydrosphere that is receiving increasing 

strategy transforms the actinides into intrinsically insoluble mineral phases resistant to leaching by 
groundwater. The principal advantages of this concept are the low cost and low risk of operator 
exposure and/or dispersion of the radionuclides to the wider environment. The challenge of this 
approach is to accomplish the immobilization without causing collateral damage to the environment 
(the cure shouldn't be worse than the disease) and verification of system performance. 

This initiative comprises the measured addition of a reagent designed to generate a 
precipitant in the groundwater or soil in a manner which is most favorable for the formation of 
thermodynamically stable insoluble mineral phases. The reagent must be compatible with the 
groundwater and soil, potentially using groundwater/soil components to aid in the immobilization 
process. The delivery system should first concentrate the radionuclides, removing them fiom the 
groundwater flow by a cation exchange process, then release the precipitating anion which forms 
thermodynamically stable mineral phases. The most promising means of delivering the precipitant 
would be to use a water-soluble, hydrolytically unstable complexant which functions in the initial 
stages as a cation exchanger to concentrate the metal ions. As it decomposes, the chelating agent 
releases an inorganic precipitant and crystalline mineral phases are formed. 

Technology Needs 

attention is in-situ immobilization. Rather than removing the actinides fiom con t&MtdWils,thiS 

EM Focus Area: contaminant plume containment and remediation 

The mineralization concept has the potential to immobilize radioactive metal ions in the 
environment. It represents a safe, simple, and inexpensive alternative to pump-and-treat methods 
for groundwater decontamination or the installation of massive barriers to prevent nuclide migration 
(in situ grouting). Alternatively, it could be applied as a finishing step following the removal of most 
of the radionuclides from the site. The process could be applied to waste disposal sites (used either 
before or after burial) like W o r d  and INEL, areas of accidental environmental contamination 
(Femald, Rocky Flats), or even to commercial mill tailings piles. 

Scientific Background 

Unplanned releases and direct discharges have contaminated soils and waters at many DOE 
sites. Planned disposal of materials contaminated with radionuclides also accounts for a significant 
portion of the radionuclides in the subsurface environment. Several mechanisms exist for the 
dispersal of the contaminants to the wider environment. For those materials possessing appreciable 
water solubility, serious contamination of the local environment may occurred by the agency of 
surface water runoff and percolation through underlying geologic strata. This pathway represents a 
potential direct route for invasion of the biosphere by radioactive metal ions. Among the long-lived 



radioactive materials, the transuranic actinides are acknowledged to represent the greatest long- 
term hazard. 

Most of the radionuclides in the buried waste disposal trenches are sorbed on surfaces. These 
surfaces are usually metallic, organic (paper and plastic), or mineral in nature. The surrounding 
geologic strata provide additional surface sorption opporhmities, The chemical form of the sorbed 
radionuclides is extremely variable ranging &om rather hamigent osde films to poteatially 
soluble metal nitmte residues. The latter species in particular are susceptiile to mobilization when in 
contact with natural waters. Natural chelating agents like humic and Wvic acids, which are present 
at low concentration in most groundwaters, can facilitate environmental migration of heavy metals 
even when present in moderately insoluble fonns. The potential for migration to the surrounding 
environment would be greatly decreased if the metal ions were converted to much more insoluble 
thermodynamically stable forms. 

For the actinides, thermodynamic calculations and observation of the natural world suggest 
that phosphate may be the ideal medium for in-situ immobilization. The existence of major deposits 
of rare-earths, thorium, and uranium in monazite sands in the subtropical environment represented 
by central Florida is nature's testimony to the stability of this mineral phase. Thermodynamic 
calculations based on the best available data further supports the low solubility of f element 
phosphates. Conversion of surface-sorbed actinide ions into thermodynamically stable mineral 
phases will decrease the tendency of the nuclides to be transported by groundwater and 
simultaneously improve the predictability of such movement by thermodynamic models. 

Technical Approach 

The task has as its objectives l') identification of a hydrolytically unstable organophosphorus 
complexant and demonstration of its decomposition of under representative ground water 
conditions of Eh and pH, 2) demonstration of the formation of crystalline actinide phosphate solids 
under these conditions, 3) determination of the leachability of actinides fiom the phosphate solids, 
and 4) testing with representative geomedia and synthesized analogs. Verification of reduced 
"solubility" (not thermodynamic solubility products, but actual radionuclide concentrations) of 
actinide ions in the 111, IVY V, and VI oxidation states as a function of pH and phosphate 
concentration is a primary goal. Ultimately, the concept could be developed to treat various mill- 
tailings piles in addition to those media contaminated WithtransUranics. 

F 3 H 2  
Accomplishments 

As initially conceived, this program was to rely 
on the class of compounds called Thermally Unstable 
Complexants (TUCS). These ligands, diphosphonic 
acid chelating agents designed to spontaneously 
decompose under suitable conditions, proved too robust 
for the purpose under enviromnental conditions. The 
organophosphate complexing agent phytic acid (myo- 
inositol(hexakisphosphoric acid)) was then identified as 
a potential substitute for the phosphonate chelating 
agents. Phytic acid has much better characteristics for OPo3H2 



i '  
the design objective than the phosphonate TUCS compounds. It i$ a natural product, forms insoluble 
sdts with polyvalent cations (Ca2+, for example) thus potentially serving as a cation exchanger, is 
known to be readily hydrolyzed releasing phosphate, and the organic residue (inositol) does not 
complex metal ions and hence will not interfere with the mineralization process. 

The rate of production of phosphate h m  phytate as a function of mnpemtm and pH has 
beem investigated using spectrophotometric techniques and NMR spectroscopy. Independent of the 
starting pH, all systems tend toward a final pH of 6, buffered by the NaH2POfla2HP04 hydrolysis 
product. NMR spectroscopy indicates inositol as the major immediate organic product. No evidence 
was found for significant buildup of intermediate inositol(phosphate) species (I(PO4H2)6-,& 
Extrapolation of the rate parameters using the Arrhenius relationship at pH 5 and 6 gives the lifetime 
for phytate 104 * 22 years at pH 5.1 and 156 f 42 years at pH 6.0. Literature reports indicate that 
microbiological effects can shorten this lifetime by orders of magnitude. Other reports have 
implicated polyvalent metal ions in accelerated phytate hydrolysis. The lifetime of phytic acid in the 
environment becomes immaterial if it functions in the intermediate term as an effective cation 
exchange medium. 

Crystalline lanthanide (EuP04 and EuP04.1/2 H20) and uranyl phosphate ((U02)3(P04)2) 
solids have been identified in pH 1-5 phosphate media and M e r  demonstrated to exist as a result of 
the hydrolysis of lanthanide and uranyl phytates. Results for thorium (as representative of the 
tetravalent actinides) indicated no evidence for the formation of crystalline thorium phosphates, 
though the existence of amorphous thorium phosphates cannot be ruled out. Weak Th(OH)4/Th02 
lines appear in the X-ray powder diffraction pattern indicating that these species may control the 
solubility of thorium. 

The "solubility" of europium, uranyl, and neptUnium(V) as a function of pH and phosphate 
concentration in a synthetic groundwater solution 0 4 . 1  M, [NaHCe] = 0.5 mM) has been 
determined in a series of experiments using radiotracers. Solid films of metal nitrates, hydroxides, 
citrates, and TRUEX process solvent solutions were deposited on glass Surfaces and contacted with 
the synthetic groundwater solutions. In both the europium and uranyl systems, the concentration of 
the radionuclide in the synthetic groundwater was controlled by phosphate even at 0.1 rnM total 
phosphate. Europium concentrations were less than 2 X M even at the lowest phosphate 
concentration. Uranyl concentrations were below 2 X 10'' M in the presence of phosphate with 
concentrations decreasing at higher pH. Each of these solubility limits is at least 10 times lower than 
that observed in the absence of phosphate and generally consistent with thermodynamic 
calculations. N p O i  concentrations were not appreciably affected by phosphate except at [PO4It > 
1 .O mM and at pH 7-8. Under these conditions, Np solubility is controlled at about 10" M. Ongoing 
experiments are investigating the effect of coprecipitation on [NpO2+] in solution. 

, 

Benefits 

Because it involves only the application of inexpensive reagents, the method of phosphate 
mineralization promises to be an economical alternative for in-situ immobilization of radionuclides 
(actinides in particular). The method relies on the inherent (thermodynamic) stability of actinide 
mineral phases. This has the dual benefit of reduced radionuclide solubility, and predictability based 
on the application of thermodynamic models for perfor'mance verification. In-situ immobilization 
eliminates the need for excavation, thus reducing the risk of operator contamination and airborne, 
dispersion of radionuclides to the surrounding environment. 



The principal benefits to be derived from the demonstration of this process are the 
elimination of the need for pumping of groundwaters or excavation of soils to maximize the 
environniental (geochemical) stability of radionuclides in buried wastes. Immobilization of 
radionuclides in the subsurface environment can be accomplished by this method at low cost and 
without the conshuction of massive barriers to restrict groundwater flow. Because 
thermodynamically stable actinide phosphates are formed, accurate prediction of the potential for 
radionuclide migration will be possible via thermodynamics-based geochemical models. The 
concept also has potential for commercial development as a means of immobilizing radioactive 
elements in uranium or thorium mill tailings piles, or for the stabilization of nonradioactive heavy 
metals in mill-tailings piles resulting from d a c e  mining activities to recover strategic metals. 

Keywords: Mineralization, actinides, phosphate, groundwater, in-situ treatment, environment 
remediation. 

For further information, please contact: 
Kenneth L. Nash 
Principal Investigator 
Argonne National Laboratory 

Argonne, Illinois 60439 
(708)252-3581, (708) 252-7501 (FAX) 
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Introduction 

Unplanned releases and direct discharges have contaminated soils and waters at many DOE 
sites. Planned disposal of materials contaminated with radionuclides (in appropriately designed and 
maintained mixed-waste landfills) also accounts for a significant portion of the radionuclides in the 
subsurface environment Several mechanisms exist for the dispersal of the con taminants to the wider 
environment For those materials possessing appreciable water solubility, serious contamination of 
the local environment may occur through the agency of surface water runoff and percolation through 
underlying geologic strata. This pathway represents a potential direct route for invasion of the 
biosphere by radioactive metal ions. Among the long-lived radioactive materials, the transuranic 
actinides are acknowledged to represent the greatest long-term hazard. 

Most of the radionuclides in the buried waste disposal trenches are sorbed on surfaces. These 
surfaces are usually metallic, organic @aper and plastic), or mineral in nature. The surrounding 
geologic strata provide additional surface sorption opportunities. The chemical form of the sorbed 
radionuclides is extremely variable ranging from rather intransigent oxide films to potentially soluble 
metal nitrate or chelated metal residues. The latter species in particular are susceptible to mobilization 
when in contact with natural waters. Natural chelating agents like humic and fulvic acids, which are 
present at low concentration in most groundwaters, can facilitate environmental migration of heavy 
metals, even when the metals are present in moderately insoluble forms. The potential for migration to 
the surrounding environment would be greatly decreased if the metal ions were converted to much 
more insoluble thermodynmically stable forms. 

The Efficient Separations and Processing lntegrated Program needs statement ES-3 requests 
technologies for stabilization of radionuclide and hazardous buried waste contaminants to reduce 
and/or eliminate the potential for migration of these contaminants from the buried waste matrix. The 
primary release mechanism for radioactive materials from buried wastes is contaminant leaching from 
the matrix by groundwater. In the absence of groundwater, the principal mechanism for radionuclide 
mobilization is removed. However, the complete absence of groundwater from the waste disposal site 
cannot be insured. This initiative is designed to reduce the solubility of heavy metals (in particular, 
actinides) in ground waters and surface soils by converting the metals from potentially mobile forms 
(e.g. surface sorbed) to thermodynamically stable mineral fonns. The conversion of these species to 
insoluble mineral forms has the dual benefit of reducing their inherent environmental mobility and 
permitting the development of thermodynamic models to predict their long-term behavior. 

The principal benefits to be derived from the demonstration of this process are the elimination 
of the need for pumping of groundwaters or excavation of soils to maximize the environmental 
(geochemical) stability of radionuclides in buried wastes. Alternatively, it could also be used as 
"finishing step" to immobilize trace actinides which are too low for effective treatment by other 
options. Immobilization of radionuclides in the subsurface environment can be accomplished by this 
method at low cost and without the construction of massive barriers to restrict groundwater flow (as 
would be done in underground grouting of wastes). This technology may have broad application for 
in-situ stabilization of heavy metal wastes (for example at the N E L  Subsurface Disposal Area, the 
Hanford site, or Rocky Flats). The concept also has potentiaf for commercial development as a means 
of immobilizing radioactive elements in uranium or thorium mill tailings piles, or for the stabilization 
of non-radioactive heavy metals in mill-tailings piles from surface mining activities to recover 
svategic metals. 
QQO120 
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Metal OH- F SO4= CO3' Po43- si0~4- 

Eu( 111) 5.0 7.4 S 6.0 11.1 <6 

n(w 5.6 5.6 S - (5.6 - 
U(VI) 6.3 S S 4.2 7.8 7.3 

As our principal targets are the actinides, it is most appropriate to consider first those minerals 
bearing actinides or lanthanides which exist in nature. The lanthanides, analogous chemically to the 
trivalent actinides, occur in nature in three mineral forms which are commercially important monazite 
and xenotime (which are orthophosphates also containing appreciable thorium and uranium), and 
bastnazite, a rare earth fluoride carbonate ofthe approximate composition LnFCO3. Uranium ores are 
of three basic classes: oxides, vanadates, and phosphates. Thorium is found primarily in Monazite 
sands. Of common groundwater anions, sulfate, and chloride form soluble compoltnds Wim 
lanthanides and actinides and so are of no use for mineralization. As noted above, carbonate forms 
insoluble lanthanide compounds. However, it promotes the solubility of uranyl as Ue triscarbonato 
complex. Oxides and hydroxides are generally insoluble for these ions, but their concentrations are 
controlled by groundwater pH and hence manipulated with difficulty. Mother Nature's lesson is that 
phosphate mineral forms are the most reasonable choice for reducing the solubility of actinides in 
geomedia using the strategy of induced mineralization. 

Simple thermodynamic calculations based on data from the literature supports the choice of 
phosphate as the optimum mineral phase for actinide immobilization. For example, the calculated 
solubility of Eu(III), Th(1V) and U(V1) in various media at pH 7,O. 1 M ionic strength, 25%, and 1 mM 
total ligand concentration are shown in Table 1. Within the constraints of the model calculation, the 
solubility of thorium is apparently limited by Th(OH)4, but the lowest solubility of Eu(m) and U(VI) is 
observed in the phosphate system. This observation is in agreement with that provided by the natural 
environment, 

s - soluble. 

A brief discussion of actinide chemistry in the environment is also useful for understanding the 
development of this research. For the actinides from thorium through curium, the most important 
oxidation states in solution and the solid state are shown in Table 2. For Th through Pu (except for Pa 
which is not considered in this program), the most common oxidation state in the solid state is the 
tetravalent, though there are known solid compounds of U(VI). The dominant solution phase species 
for these metals are the pentavalent and hexavalent oxidation states which exist in aqueous solution as 
the dioxocations. Am and Cm exist exclusively in the trivalent state under environmentally relevant 
conditions. The trivalent, tetravalent, and hexavalent oxidation states are strongly complexed by 
several naturally occurring ligands (carbonates, humics, hydroxide), man-made complexants (like 
EDTA), moderately complexed by sulfate, fluoride, and phosphate and weakly complexed with 
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TABLE 2. Most stable oxidation state of actinides in the environment 

Solid 

Solution 

Th U NP Pu AnJCm 

N l-v, VI .Iv Iv m 
Iv VI V v, VI rn 

C 



inlroduction of a mild oxidizing agent. An example of . 

such a compound is 1,2dihydroxyethane- 1 , 1 - 
diphosphonic acid (DHEDPA), which has been offered 
in the literature as an example of a thermally unstable 
complexant Initial tests of the instability of DHEDPA 
indicated that it did not decompose under acceptable 
conditions for the anticipated application. An 
examination of various resources kd us to consider the 
natural product myo-inositol(hexakisphosphoric acid) 
(phytic acid), a natural productrich in phosphate (Figure 
1) as an acceptable organophosphorus chelating agent 
for this application. Literature reports on the 

- . 

_ _  
environmental and biological behavior of phytic acid Figure Phytic acid. 
abound. Subsequent tests to be described below have 
confmed the outstanding characteristics of this 
compound. 

In the following discussion, we will describe results of investigations of the kinetics of 
hydrolysis of phytic acid (in the laboratory) under simulated environmental conditions, demonstrate 
the formation of crystalline lanthanide and actinide phosphate solids resulting from phytate 
decomposition, and demonstrate reduced concentrations of lanthanides and actinides in simulated 
groundwater solutions as a direct result of increased phosphate concentration. 

Results 

The-critical elements of this research are readily divided into three separate activities: 1) 
investigation of the decomposition kinetics of phytic acid, 2) identification of the principal mineral 
phases derived from phosphate and from phytate decomposition, and 3) demonstration of reduced 
lanthanide/actinide concentrations in solution as a result of phosphate application. It is convenient to 
discuss the experimental results of these three elements of the program independently. This section is 
therefore subdivided into three subchapters. 

Phytate Hydrolysis Kinetics 

Our focus for an organophosphorus complexant capable of delivering phosphate efficiently is 
on phytic acid (myo-inositol(hexakisphosphoric acid)). Phytic acid is a natural product (isolated from 
beans and leafy vegetables and readily available at an attractive price) which is used commercially as a 
starting material in the manufacture of inositol (2), as a dietary supplement, a nutrient source for 
microorganisms, and a metal chelating agent and precipitating agent It complexes polyvalent metal 
ions moderately and is readily hydrolyzed to release phosphate. Because the calcium salts of phytic 
acid are insoluble, it is expected that they will function a.. cation exchangers for metal ions which are 
more strongly complexed, including the actinides. In this portion of our investigation, the inherent 
tendency of phytic acid to undergo hydrolysis under ground water conditions has been determined. 
Though the conditions of the experiments are not sterile, they are designed to minimize the effects of 
microbiological degradation on phytate decomposition. The kinetic results outlined below therefore 
represent an upper limit for the lifetime of phytate with respect to hydrolysis. There are literature 

. .  , . 
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reports which indicate ohat microbiological effects promote the rate ob hydrolysis of phytate, under 
some conditions by orders of magnitude. 

The phytate ion is known to hydrolyze at a relatively rapid rate in aqueous solutions near 100 
PC (3). with formation of phosphate ion and the parent myo-inositol, hexahydroxycyclohexane. In this 
study we have undertaken to obtain data that would permit extrapolation of the hydrolysis rate to 
ambient temperature at various pH values. In addition, as an initial step toward investigation afthe 
behavior ofphytate solutions in contact with actual soils, we have examined the retention of aqueous 
phytate on passage through columns containing each of several solid phases. 

The commercially available dodecasodium salt of phytic acid was dissolved in water to make 
an approximately saturated 0.1 M solution. ICP spectroscopic analysis indicated this starting salt to 
contain about 0.68 calcium. Perchloric acid was added to the solution to achieve the desired initial pH 
(measured at room temperature). The solution was then sealed into a glass ampoule and immersed in a 
thermostatically controlled water bath. After a measured time had elapsed, the ampoule was removed 
and opened, and a small sample was withdrawn for colorimetric phosphate analysis as 
molybdovanadophosphoric acid (4). The remaining solution was transferred to a fresh ampoule, 
resealed, and returned to the water bath. Monitoring of the reaction was continued in this way, 
generally until more than 90% of the phytate had hydrolyzed, after which a fmal pH was measured, 
unreacted phytate was determined by 31P NMR, and organic products were identified by 'H NMR. 
Kinetic data were fitted by a least-squares procedure to a three-parameter fmt-order rate equation, 
except for a few measurements at the lowest temperatures, in which initial reaction rates were used to 
evaluate the rate constants. 

For studies of the adsorption of phytate on columns of sea sand, calcium carbonate, and 
calcium sulfate dihydrate, 50 microliter portions of a 0.07 M sodium phytate sohition that had been 
adjusted with perchloric acid to a pH of about 6.0 were introduced onto columns of the respective 
materials that were approximately 10 cm long by 0.6 cm i.d. Elution was carried out with water. The 
phytate eluted from the sand and calcium carbonate columns was monitored by HPLC, using a 
mBondapak C1g column and developing with 0.005 M sodium acetate (5).  HPLC analysis was not 
possible in the case of the rather soluble calcium sulfate, and in this case crude monitoring was carried 
outby3'PNMR. 

Kinetic results are summarized in Table 3. Reactions that were monitored to 90% or more of 
completion obeyed good fust-order kinetics. The NMR measurements indicated the principal 
products to be phosphate and myo-inositol, along with other organic species that were not identified. 
No soluble intermediate phosphorus containing species were identified throughout the course of this 
experiment Prior studies have reported thatmyo-inositol itself decomposes at elevated temperature in 
near-neutral solutions to yield dark byproducts (6). Our solutions at pH 5. I darkened markedly as 
reaction proceeded. Solutions at pH 3.1 showed substantially less darkening, while the solutions atpH 
6 and above only darkened when heated at 95 OC. The latter, however, produced a white precipitate 
that was insoluble in water or organic solvents but was soluble in 1-2 M .HCl. This precipitate appears 
to have been calcium phosphate formed from the calcium impurity in the starting sodium phytate. 

In our investigation of the adsorption of phytate on various solids, we found negligible 
adsorption on sea sand or calcium carbonate, but significant retention by calcium sulfate dihydrate, 
though the crudeness of the NMR monitoring leaves the result. somewhat in question. This Atention 
by calcium sulfate probably reflects precipitation of calcium phytate by interaction of phytate with the 
relatively high concentration of calcium ions present in equilibrium with the significantly soluble 
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Table 3. Hydrolysis of phytic acid. 
Half-time (days)a 

I I I I I 55.1 I I 193d I 273d I I 
a Except as noted, reactions were followed to at least 9 0 8  of completion and obeyed good first order 
kinetics. pH values were measured at room temperature before reaction and after hydrolysis was 
nearly complete. Final pH not measured. 'Reaction followed to 80% of completion. Calculated 
from the initial reaction rate. 

Lanthanide/actinide Phosphate and Phytate Solids: Preparation and Characterization: a 
The second aspect of this investigation involved preparation and characterization of 

crystalline lanthanide and actinide phosphates from pH 1-5 phosphate solutions, and the rate and 
efficiency of conversion of metal phytate solids to metal phosphates. These experiments rely on 
literature reports for the preparation of standard lanthanidekdctinide phosphate crystalline solids, and 
subsequent investigations of the rate of conversion of lanthanide/actinide phytate solids to the 
corresponding phosphates. Solids thus generated were characterized by X-ray powder diffraction, 
FTIR spectroscopy, thermogravimetric analysis, and in selected systems, by EXAFS experiments. 

Standard lanthanide, thorium and uranyl phosphate solids were prepared according to 
literature preparations. For the trivalent actinides, europium was used as an analog. The europium 
standard prepared was identified by X-ray powder diffraction as monazite when prepared from apH 5 
medium. At pH 1, the identified mineral form was hexagonal EuFQ*ln H20. The latter material was 
converted to monazite in the TGA at 204-234 'C. For thorium, all attempts to prepare a crystalline 
phosphate failed, though thorium solubility waq low. The solids were identified as partially crystalline 
Th(OH)4 (that is, amorphous Th(OH)4 with some minor crystalline inclusions of ThO2). The standard 
uranyl phosphate solid prepared was the acid phosphate, UOzHP04. 

The second stage of this experiment was to demonstrate the preparation of metal phosphates 
resulting from the decomposition of phytic acid. For each system, samples were prepared at 1 : 1.2:1, 
and 4:l (meta1:phytate) mole ratios at pH 5. Precipitation of the metal phytates was immediate. The 
resulting slurries were stirred at 85OC for 30 days and sampled periodically for analysis of the solids by 
TGA, X-ray powder diffraction, and FTIR. The rate of release of phosphate to the solution phase was 



- . ,"' 

monitored colorimetrically. 
A series of infrared spectra of solid samples derived from the europium experiment are shown 

in Figure 2. Spectrum a is that of the initial europium phytate sample. Broad features at about 3500 
cm" are water bands. The sharp band at 1300cm" corresponds to nitrate contamination from the initial 
sample preparation. This band disappears upon more extensive washing of the solid. In the range of 
1 ~ 8 0 0  cm" are phosphate bending modes. This @on iS cRaraceerired as a broad resonance 
region, due to the multiple phosphate environments in the cmplexedeumpium phytate. After one da 
at 8SoC, this region of the spectrum has narrowed a bit and new fe&s are evident at400-500 cm' . 
By 29 days, the spectrum is identical with that observed for the EuIQ*l/2 H20 standard (except for 
the nitrate band): The X-ray powder diffraction results indicate a mixture of europium phytate and 
phosphate hemihydrate at day 7, butonly EuP04*1R H20 at 19days. 

Parallel experiments with uranyl-phytate mixtures (at the same mole ratios) resulted in the 
production of a uranyl phosphate solid which was at least partially crystalline and tentatively identified 
as (U@)3(PO.&*H20 rather than the acid phosphate standard. We observed a slight increase in the 
rate of production of phosphate in the presence of uranyl. The organic residue was also partly 
decomposed to produce a dark color in the solution phase. Thorium was insoluble under all 
conditions, but them was no evidence of crystalline thorium phosphates or phytates, though the latter 
were quite likely present initially. It appears certain that hydroxides and oxides control thorium 
solubility. 

We examined the nature of the metal - phosphate interaction in a series of EXAFS 
experiments. Solid neodymium phosphate and phytate samples were prepared and subjected to 
analysis by EXAFS at Stanford Synchrotron Radiation Laboratory. These experiments allowed us to 
determine the coordination number of the metal ion, and the number and nature of near-neighbor 
elements. These results are summarized in Table 4. In the NdPO4*1/2 H20 solids, the Nd3+ ion has 8 
near neighbor oxygen atoms, 2 phosphorus atoms at 3.19 A and 4 at 3.81 A. Crystallographic and 
EXAFS results agree. These results indicate that the inner coordination sphere of Nd3+ in the NdP04 
xH20 solid is saturated by phosphate ligands. In the neodymium phytate, the number of oxygen atom 
near neighbors is still 8 (though the distribution is slightly altered), but only two second-near-neighbor 
phosphorus atoms are observed Within the accuracy of these measurements (estimated at M.5 
atoms), we conclude that the Ndk ion is either associated with two phosphates on one phytate 
molecule, or one phosphate on each of two phytates in the amorphous solid. The remaining inner- 
sphere oxygen atoms are presumably water molecules or hydroxide ions. This relationship suggests a 
more-or-less simple cation exchange reaction is responsible for uptake of Nd by phytate. We cannot 
say with certainty how this interaction will change with higher loading by Nd". 

r 

Reduced Lanthanide/actinide Concentrations Through the Agency of Phosphate 

These experiments are designed to demonstrate the reduction in the concentration of 
radiotracer lanthanide and selected actinides in a simulated gmundwater which can be achieved 
through the application of phosphate. In the design of this experiment, it is assumed that phosphate 
generated as\a  result of phytate decomposition will perform similarly to that introduced as 
NaxH3,xP04. The experiments were conducted without phytate present tu alleviate certain logistical 
complications in the execution of the investigation. It is clear from the results in section 2 that phytate 
decomposition does result in the formation of the corresponding phosphate solids (at macroscopic 
concentrations), so we may reasonably assume that the results of the parallel experiments are 
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a- parameters for NdP04 mxH2O. 
b - parameters for Nd-phymte 

complementary. It should be noted that these experiments are not designed to measure 
thermodynamically rigorous solubility of the metals in phosphate media (and certainly should not be 
used to calculate solubility products). However, use of the term solubility is less cumbersome than 
referring to the concentration of radionuclides in solution. In the following discussion, we will use the 
term solubility to referto the relative concentration of cations in solution. 

Since we have noted that thorium solubility is controlled primarily by hydmxides/oxides, our 
investigation of radionuclide solubility was confined to the most mobile species, represented by 

, and 233U022+. The europium tracer was prepared by dilution of non- 
radioactive Eu(C104)3 to prepare a solution of known concentration which was subsequently spiked 
with a small quantity of radioactive *52-134E~. The .specific activity of this stock was 5.92 X 10'' 
cpm/moVl (by liquid scintillation). Radionuclide samples were deposited by evaporation of solids 
onto a glass surface in the form of acidic nitrate salts, basic hydroxides, neutral salts as the citrate 
complexes, and TRUEX organic films (for Eu3+ and UOz2+ only). In the citrate samples, the citrate 
concentration was approximately the same as that of the metal ions. These conditions were selected to 
represent typical forms of the radionuclides in actual wastes. Replicate solid samples were contacted 
with a simulated groundwater (0.1 M NaC104,0.0005 M NaHC03) containing O,O.OOOlM, 0.001 M, 
and 0.01 M total phosphate buffered at p[H] 5,6,7, and 8. The radiotracer solutions were introduced 
without carrier cations (Le. only the Na+, ClO4', HnC03n-2, and HnpOqn-3 are present in macroscopic 
concentrations) except as described above for europium. The radionuclide concentrations and p[H) 
were monitored weekly in all systems. Radiotracer samples were filtered through 0.2 pm filters. Each 
experiment was run for eleven weeks. Within the first four weeks, all systems had come to a steady- 
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state (probably, but not necessarily, representing an equilibrium condition). 
For the uranyl system in contact with the TRUEX deposits, water soluble concentration of the 

uranyl ion was at or below detection l imb (5 x 10‘9M). Upon the conclusion of this experiment, a 
known amount of the normal paraffinic hydrocarbon diluent was added to increase the volume of the 
remaining organic phase to permitdirectsampling of this material. About 70% ofthe original amount 
of the uranyl ion was recovered in this fm. It appears that the TRUEX-bound uranyI ion is simply not 
back extracted into the neutral pH simulated groundwater. For the uranyl samples deposited as &rate 
salts or hydroxides, the total uranyl solubility in the absence of phosphate is about 1X 10“ M at pH 5 
and pH 6, rises to 2 X 1 O4 M at pH 7 and 2.4 x 1 O4 M at pH 8. The increase in solubility at higher pH is 
a direct result of more efficient carbonate complexation at higher free carbonate concentrations. With 
the introduction of phosphate, uranyl solubility is reduced at all pH’s , as shown in Figure 3 for the 
uranyl nitrate samples. Uranyl solubility is lowest at 0.0001 M total phosphate, rising slightly with 
increasing pH, reaching .a maximum concentration of 1.0 X lo-’ M at pH 8, where carbonate- 
complexing becomes more important. The soluble uranyl concentration actually rises slightly with 
increased phosphate concentration to a maximum of about 2.5 X lo” M at 0.01 M phosphate. The 
moderately strong chelating agent citric acid has the effect of raising the concentration of the uranyl 
ion in solution at all pH’s in the absence of phosphate. In fact, the data (Figure 4) indicates a slight 
increase in’ uranyl solubility with increasing pH. Upon introduction of phosphate in the usual 
sequence, uranyl solubility at pH 5 and 6 is slightly higher than in the absence of the citrate, though it 
does drop to 1 X 10’’ M at the highest concentration of phosphate. At pH 7 and 8, even low 
concentrations of phosphate are able to overcome the complexing strength of citrate and maintain 
uranyl solubility at 1-2 X lO”M. 

For the europium system, the TRUEX deposits showed little tendency to dissolve in the 
simulated groundwater, nor were they appreciably affected by the presence of phosphate. Average 
solution phase concentrations were 7(e )  X 1O-l0M over the range of pH and phosphate investigated. 
The hydroxide and nitrate samples behaved almost identically. In the absence of phosphate, europium 
concentrations in solution were 3.7 X M at pH 5, 1.0 X10-8 M at pH 6, and barely detectable at 
higher pH. Europium solubility presumably is controlled under these conditions by Eu(OH)3 or 
surface so tion phenomena. At pH 5 and 0.000 1 M phosphate, the europium concentration drops to 

citrate sample, europium solubility as a function of pH and phosphate is shown in Figure 5. In the 
absence of phosphate, the europium solubility field extends to pH 8, where about half of the initial 
dose of europium citrate remained in solution. At pH 5-6 and the lowest concentration of phosphate 
(0.0001 M), europium remains in solution. At pH 7 and above, even the lowest concentration of 
phosphate effectively removes the europium from solution. The estimated upper limit of europium 
solubility under these conditions is 1 X 10-’M. 

Neptunium(V) was expected to exhibit the greatest inherent solubility of the metals 
investigated. Because Np02+ is poorly extracted by the TRUEX process solvent, we ran no 
experiments to investigate its redissolution from this medium. As was true for the europium and uranyl 
systems, neptunyl nitrate and hydroxide systems behaved nearly identically, suggesting true 
equilibrium behavior is governing the system. The solubility of neptunyl in these samples is shown in 
Figure 6. At phosphate concentrations less than 0.001 M, all of the neptunium introduced into the 
system is soluble from pH 5 to 8. At the highest phosphate concentration (0.01 M), solubility drops 
with increasing pH to a minimum solubility of 2 X 1V6 M at pH 8. Citrate has little effect on the 
solubility of neptunium(V) under any conditions. 

2(fl)X10- ’g M, strongly suggesting a shift to solubility control by europium phosphate. For the Eu- 
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Discussion 
T 

The reaction rate for the hydrolysis of phytic acid appears to be only weakly dependent on pH. 
This is consistent with the results obtained by Bullock et al, who found a maximum in the rate at pH 4 
(3). It should be noted., however, that only at pH values between 5 and 6 did the pH remain relativeIy 
constant throughout the reaction. As indicated in the headings to Table 3, in the more allatirw? 
solutions the pH dropped in the course of the reaction, while in the more acidic solutions the pH rose 
slightly, tending in both cases to the pH 5-6 range. The overall reaction for the hydrolysis of phytic acid 
releases H+ to the medium according to the following reaction: 

6 H 2 0  + c&j(W4H2)6 = C6H6(OH)6 + 6 H2m4' + 6 H+ (1) 

Final pH of the solutions in these experiments is determined by the combined buffering effects of 
phytic acid (with 12 ionizable protons) and the product phosphate. Further degradation of the inositol 
residue would presumably produce CO2 and H20 which will superimpose the buffering effect of 
carbonic acid on the system. In the environment (and in the absence of competing effects), this process 
should tend to buffer groundwater pH in the 5-7 range. 

Only for the reactions at pH 5.1 and 6.0 were linear plots of In k/r vs I/T' obtained that 
permitted extrapolation of the reaction rates to ambient temperature. These plots yielded almost 
identical values of 141 kl/mol for the enthalpy of activation, with standard deviations o f f  2.9 and 3.6 
kJ/mol at pH 5.1 and 6.0, respectively. Extrapolation to 25OC gave half-times of 104 f 22 years at pH 
5. I and 156 f 42 years at pH 6.0, where uncertainties again are standard deviations. In the absence of 
reactions to accelerate the hydrolysis of phytic acid,, the complexant will clearly persist for a long time 
in the environment There are several candidate pathways toward faster hydrolysis rates under 
acceptable environmental conditions. Polyvalent metal ions (for example iron) may accelerate the rate 
of hydrolysis. We have presented evidence above that uranyl ion may increase the rate. The enzyme- 
catalyzed hydrolysis of phytate is known to be faster than the thermal reaction (7). and the presence of 

indicates that phytic acid is rapidly mineralized (converted to phosphate) by both aerobic and 
anaerobic microbiological processes. Suzumura and Kamatani report complete mineralization of 
phytate in less than 40 days in contact with sea sediments. Most of the phosphate is released to the 
solution phase under anaerobic conditions and about half under aerobic conditions. In addition, their 
results indicate that most of the phytate added to the sediments was bound to the sediment particles. 

Because phytic acid has high affinity for polyvalent cations (including calcium), it may 
function as a cation exchanger for the polyvalent metal ions of interest in the time-frame intermediate 
between introduction into the environment and its decomposition to release phosphate. Our 
preliminary phytic acid adsorption measurements (onto surrogate inorganic soil constituents) suggest 
that in soils that contain significant quantities of moderately soluble calcium salts, such as calcium 
sulfate, adsorption and/or precipitation of the phytate will be a significant factor. This parameter is also 
critical to the performance of phytic acid as a cation exchange medium. Studies with real soils and 
groundwaters are required to pennir definite conclusions to be reached on both the cation exchange 
and microbiological degradation issues. 

The insolubility noted for the europium, uranyl, and (apparently) thorium phytate samples 
attests to the viability of considering the precipitated metal phytates as cation exchangers. The 

- 2  microorganisms may accelerate the hydrolysis in the subsurface environment A recent report (8) 
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experiments in which uranyl phyfate and europium phytate were convemd eo the crystalline 
phosphate salts EuPO4*1/2 H20and ( U 0 2 ) 3 ( I Q ) p H 2 0  have identified the important mineral phases 
for the development of a thermodynamic modeling capability (though there is some uncertainty 
regarding the percentage of material bound to crystalline mineral phases). Some solubility product 
data for the appropriate solids 8te available from literature reports (9). Thermodynamic modeling to 
verify performance of this system may require the development of additional data, in particular, values 
for the appropriate solubility products. For the tetravalent ions (as represented by thorium) our results 
seem to indicate that the hydroxide/oxide is the solubility conbnlling species. For the tetravalent ions, 
the cation exchange behavior of phytate may be the most important characteristic, at least in the short 
term. 

In the radiotracer solubility experiments, the observed results are in qualitative agreement with 
expectations based on thermodynamic control of cation solubility. One tesult which demonstrates 
thermodynamic/equiIibrium control of solubility in these experiments is the general agreement 
between results obtained for all systems in which the metal ion was introduced as the hydroxide or 
nitrate. If the initial deposition of the hydroxide had resulted in the formation of a kinetically inert solid, 
the results would not have agreed. The solubility of uranyl citrate (in the absence of phosphate) 
increases with pH in accord with the increase in the free citrate (L33 concentration. Likewise, the 
solution concentration of uranyl ion in the uranyl hydroxidehitrate samples (absence of phosphate) is 
greater at higher pH as a result of higher free carbonate ion (CO3=) concentrations. Np(V) is generally 
unaffected by changing conditions because it is poorly complexed by most of the species in these 
samples (including citrate and carbonate). Europium concentrations drop with increasing pH (again, 
in the absence of phosphate) because of surface sorption of partially hydrolyzed species and at pH 8 
due to the formation of Eu(OH)3. The equimolar concentrdtion of citrate is unable to overcome the 
formation of Eu(OH)3 at pH 8. On tfre basis of these observations, it is reasonable to assume that the 
concentration of these cations in the presence of phosphate is also governed by equilibrium 
thermodynamics. 

Sample calculations of metal ion speciation based on thermodynamic data support the 
conclusions reached in the europium system. Using literature data for the carbonate and phosphate 
complexes of europium (7). the calculated speciation of europium isdescribed in Figure 7. For 0.5 mM 
carbonate, 0.01 mM phosphate, the species calculation indicates that monazite (EuP04)dominates the 
Eu stability field between pH 5.5 and 9. Similar calculations made for uranyl are also consistent with 
our observations (Figure 8). The calculated speciation of uranyl ion in 0.5 mM carbonate, 1.0 mM 
phosphate and 2.8 j.&l uranyl ion (the experimental conditions of our experiments) indicates that 
(U02)3(pO4)2 controls the solubility of uranyl ion from pH 5 to 7. Above pH 8, complexation by 
carbonate becomes increasingly important and leads to an increase in the concentration of uranyl ion 
in solution. Experimentally, we observe at pH 8 concentrations of uranyl ion an order of magnitude 
lower 'than the calculated solubility limit These experiments were not designed specifically to test 
solubility limits and should be augmented with additional work at higher pH and uranyl concentration. 
Two plausible explanations can be offered for the incomplete agreemen& 1) the solubility products 
used in the calculation are too large (ie., they predict solubility higher than the observation), or 2) there 
are additional mechanisms (sorphon or the presence of other mineral forms) for removing uranyl from 
solution 
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In the first year's research on this program, we have established that DHEDPA does not 
produce phosphate at an acceptable rate under environmental conditions, but the natural product 
phytic acid (myo-inositol(hexakisphosphoric acid)) readily hydrolyzes to produce phosphate. The 
projected lifetime of this species in the absence of microbiological effects is about 100-150 years. 
Literature reports indicate that both aerobic and anaerobic microbiological processes reduce the 
lifetime of phytate to the weeks-months timeframe. The generation of insoluble metal phytaks 
strongly implies that calcium salts of phytic acid could function as cation exchange media in soils thus 
serving to concentrate the actinide ions and promote the formation of crystalline mineral phases. 
Insoluble heavy metal phosphates are produced by phytate decomposition, as verified by X-ray 
diffraction, TGA and FI'IR spectroscopy. The solubility of radiotracer europium and uranium is 
reduced as a result of phosphate dosing of a simulated groundwater solution, even in the presence of 
citric acid. The solubility of neptunium(V) is not affected by phosphate except at pH greater than7 and 
at 0.0 1 M phosphate. 

Future research on this program will address the cation exchange behavior and solubility of 
calcium salts of phytic acid. We will examine the potential for decreased solubility of NpO2' in the 
presence of Ca2' or Mg2'. Both coprecipitation and double salt formation create or generate possible 
hosts for Np in phosphate mineral phases. Tests with actual groundwaters and soil samples are also a 
high priority for the continued development of this process. 
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1 D. 1 .O INTRODUCTION 

-_ 1 

D. 1.1 PURPOSE 0 F THE SOIL WASHING TREATABILITY S TUDY 
Soil washing was identitid as a viable treatment process option for remediating soil at the FEMP 
Enviromental Management Project (FEMP). Little information relative to the specitic application 
p d  potential effectiveness of the soil washing process exists that applies to the types of soil at the 
FEMP. To properly evaluate this process option in conjunction with the ongoing FEMP Remedial 
Investigation/Feasihility Study (RUFS). a treatability testing program was necessary to provide a 
foundation for a detailed technical evaluation of the viability of the process. In August 199 I .  efforts 

soil washing on FEMP soil. In Augyst 1992, the tinal Treatability Study Work Plan for Operable 
Unit 5: Soil Washing (DOE 1992) was issued. This document shall he referenced throughout the 
remainder of this report as the Treatability Study Work Plan (TSWP). 

4 

< 

1. 

I 

1 

were initiated to develop a work plan and experimentiil design for investigating the effectiveness of 10  

II 

I: 

I'. 

I 4  
- 

The purpose of this treatability study was to generate data to support initial screening and the detailed 
analysis of alternatives for the Operable Unit 5 FS. All units of m a s u r e  are presented in a 
modernized metric system. the SystCme International d'Unit6s or  SI. Based o n  characterization data 
(see Section D. 1.2). relatively large quantities o f  FEMP surface and subsurface soils contain ahove- 
background concentrations of radioactive constituents. To a lesser degree. nonradioactive 
contaminants may exist in conjunction with the radioactive contaminants. To addrbs the cases where 
these contaminants are present at levels exceeding preestablished preliminiiry risk-based action levels. 
a number of process options. including soil washing, were considerd. This process option review 
and evaluation process is described in the Operable Unit 5 Initial Screening of Alternatives (ISA) 
(DOE 1993). After careful review uf these process options. soil washing was selected as a promising 
technology warranting more rigorous technical consideration through the wnrluct of site-specitic 
treatability studies. A primary consideration was to integrate the soil washing treatability technology 
being evaluated in this study with other similar technology evaluations being conducted for the 
remediation of Operable Unit 5 soil. 

The TSWP outlines the objectives. procedures. and techniques for cbnducting screening of soil 
washing processes and conditions. Work objectives were Jetind in the TSWP in the context of FS 
considerations as follows: 

Proof of principle fur the soil washing technology's applicability to the FEMP 
soil 

0 Compliance of process option with applicable or relevant and appropriate 
requirements 

0 Projected mass and leachability data to support fate and transport modeling 
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Residual concentrations of contaminants in the process streams 

Development of a pre-tlesign process tlow diagram and preliminary mass bdance 
for a production-scale soil washing facility to tacilitate detailed technical analysis 
and establishment of a sound basis for cost estimation 

Projected chemical. radkrlogicd. and physical characteristics of aqueous and solid 
. .. process stream. 

Soil washing, if succt?ss~I, produces large volumes of remediated soil which potentially can he 
returned to the site from which it was excavated while signiticantly reducing the final volume of 
material requiring greater conthement and disposal. The success of the process option will be 
assessed based on the final volume of treated soil and the level to which specific contaminants are 
removed. This volume reduction level will account for all processed soil. spent washing solutions.' 
extracting chemicals. and the residues retaining signiticant levels of contaminants. Residues from this 
process may require selective treatment (e.g.. vitritication ur stabilization). storage. and/or disposal 
practices. In essence, the tinal volume of material requiring selective treatment. storage. and/or 
disposal practices must be signiticantly less than the initial volume uf ci)ntminatd soil. 

D. 1.1.1 Initial Screening of Alternatives 
' An initial phase of the FS involves the development and screening of remediation alternatives. 

otherwise known as the ISA. Three of the primary steps in the 1SA for Operable Unit  5 (DOE 1993) 
are (1) identifying and screening the technologies applicable to each general response acticm to 

eliminate those that cannot be technically implemented at the site: (2) identifying and evaluating 
technology process options on the hasis of  effectiveness. implementahility. and relative cost to select a 

representative process for each technology type retained for funher consideration: and (3) assembling 
the selected representative technologies into alternatives representing a range of treatment and 
containment combinations as appropriate. 

The first step is identifying and screening the technologies applicable to each genwal response action. 
The general response action pertinent tu treatability testing is the treatment response action. This 
includes physical, chemical, and hiolugical measures which raluce the toxicity, mobility, or volume 
of a contaminant or waste by altering the physical or chemical properties of the contaminant and/or 
media. The treatment process options identitid and evaluated relative to effectiveness. 
implernentability, and cost include biological. physical. physicochemical. soliditication/stabilization. 
and thermal measures. 

4 

Assembling and selecting representative technologies into alternatives representing a range of 
treatment and containment combinations were presented in Section 4.0 of the ISA for Operable 

D- 1-2 
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Unit 5. The following were the only technologies retained for further evaluation tiw each of the tive 
treatment process options noted above: 

Biological - soil aeration 

Physical - soil vapor extraction 

Physicochemical - soil washing 

Solidification/stahiIization 
- C e m e n t - b a s ~ / p o a o l a n i c - b ~ ~  tixation - Microencapsulation 
- Batch vit rI ticat io nlg I ass i ticit ion 
- In situ vitritication 

Thermal - plasma centrifugal furnace. 

The technologies for each treatment process option were then tirrther evaluated in Section 5.0 of the 
ISA for Operable Unit 5 ,  rating each according to: ( I  ) etkctivenss. (2) implementability. (3) capital 
cost, and (4) operation and maintenance cost. Three of the eight technologies (micr~)encapsulatittn. in 
situ vitrification, and plasma centrifugal furnace) were not retiainwl for further consideration. Soil 
aeration and soil vapor extraction were retained as a support option for limited soil areas. Two of the 
remaining three technologies (hatch vitritication/glassitication and cement-has~lpuuolanic-bastxl 

fixation) were already being evaluated under existing treatability studies for other operable units. Soil 
washing, considered a potentially viable option with high implementability. was selected for further 

evaluation. 

a 

D. 1.1.2 Soil Washing Descriotion 
Soil washing (generally referred to as soil decuntamination) is an ex situ water-based 'treatment 
process that separates chemical contaminants from the soil matrix using a combination of physical and 
chemical treathents. The treatment technique basically mobilizes the contaminants physically by mass 
action, or chemically by complexing. chelating. reducing. oxidizing. or ion exchange mechanisms. 
Techniques like those used in solution mining and mineral extricxion have h e n  used in soil washing 
operations for the removal of contaminants from soil. The basis for this type of process is particle 
separation by size and/or density characteristics. Chemically mended aqueous solutions can then 
accelerate contaminant dissolution kinetics t iom individual soil size fractions. . 

There is a fundamental basis to soil that makes physical separation an important t w l  within the soil 
washing technology. Soil consists of organic and inorganic components. Organic components include 
vegetation (roots and shoots) and organic matter (partially decomposed vegetative material). 
Inorganic components consist of primary and secondary minerals. Particlesize separation is primarily a 
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directed at these mineral categories. The categories for coarse fragments (grater than 2 millimeters 
[mm] in diameter) and soil separatm (individual-site groups of mineral panicles Ies than 2 mm in 
diameter) have been detind by the U.S. Department of Agriculture (USDA). Soil Conservation 
Service. Soil separates include clay (less than 0.002 rnm), silt (0.002 - 0.05 mm), and tive categories 
of sand (ranging between 0.05 - 2 mm). Coarse tiagments include gravel (2mm - 3 inches) cobbles 
(3 - 10 inches)..and stones (greater than IO inches). There may,also be materials within the soil. both 
natural and anthropogenic. that fall into the fragment categories that are termed debris. 

Physical separation techniques have heen the focal point of most soil washing process6 and serve two 
objectives. The initial objective is to reduce soil aggregates to single-grain composition of clay. silt. 
sand, and gravel. This reducrion is accomplisfid by either mechanical means (e.g.. high pressure 
water or mixers) and/or chemical dispersing agents (e.g.. sodium salts). This initial sty, in the 
operation is the basis for separating the coarse-site fraction of the soil (e.g.. sand and gravel) from 
the finer particles of soil (e.g.. silt and clay). The second ob-iective of physical separation techniques 
is to dislodge chemical contaminants from the surface of soil panicles hy force and/or abrasive 
processes. High-pressure water washers (hydraulic sharing) and attrition scrubhers are two types of 
equipment to aid in these physical separation processes. Physical separation operatiom in soil 
washing may also include screening. centrifugation. froth tlotaticrn. hydroyrdvimetric separation 
(including hydrocyclones, mineral jigs, ;incl spiral cl-assitiers). and multigravity separation. 

The concept of using these types of volume reduction processes for contaminated. soil via physical 
separation techniques is based on the premise that the soil is primarily comprised of coarse particles 
and that most organic and inorganic contaminants tend to hind primarily to clay particles and, to some 
lesser degree. fine silt particles (see Section D. 1.2). However. there are soil/chemical matrices in 
which the chemical contaminants are associated with coarse silt and sand as well as the tine silt and 
clay. In these matrices, simple water-based physical separation processes will not remove 
contaminants from any sire fraction to an acceptable level and combination of physical separation and 
chemical extraction processes may be needed. This type of system would consist of first separating 
the soil into discrete-size fractions and then removing the chemical contaminants from each size 
fraction via physicochemical processes. 

Although selazed chemicals can be included in'the physical separation part of the system. a sepatate 
part of the system may need to'include a chemical extraction proctss. Chemical reagents (aptxially 
sodium salts) which can be employed in the physical separation part of the system to hrzak down soil 
aggregates into discrete soil particles may also hnction as extraction reagents. removing chemical 
contaminants from the surface of individual soil panicles. However. more aggressive conditions 
(e.g., type of chemicals, chemical concentration. extraaion temperature. and reaction time) may need 
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to be incorporated into the chemical extraction pan of the soil washing process to effectively remove 
contaminants from individual soil particles. 

Water-soluble chemicals (e.g.. surfactants. chelators, acids, and b a s s )  can be used in specifically 
designed reactor vessels as part of the chemical extraction process. Water washing with extractive . 

agents includes basic aqueous solutions (caustic. lime. slaked lime. or  industrial ai kali-based washing 
compounds); acidic aqueous solutions (sulfuric. hydrochloric. nitric. phosphoric. or  CdrhOnic acids): 
or solutions with surfacxant or chelating agents. Hydrogen peroxide. sodium hypochlorite. and other 
strong oxidizing agents can chemically change the contaminants and enhance their removal from soil. 
The removal of organics from soil can he enhanced by strong basic or surfactant solutions. while the 
extraction of metals is hest facilitated by chelating agents or strongly acid solutions. 

Soil process streams resulting from the ahove-descrihed physicochemical soil washing system must he 
analyzed to determine the residual level of selected contaminants. Based o n  the amount of 
contaminants still remaining in each soil process stream. the soil is either released as tinal treated soil 

. or recycled back through the soil washing system. The remaining residue and the pan of the soil not 
effectively treated are collected. containerized. and stored for disposal or subsequent treatment (e.g.. 
vitrification, solidification, stabiiization. etc.). 

A tinal operation in the soil washing system is the regeneration of the spent washing solution. In 
many operations, the amount of spent wash water generated during the soil washing operation may 
equal anywhere from three to ten times the initial volume of soil k ing  processed through the system. 
To prevent the system from generating more waste than the initial volume of contaminated sbil. 
regeneration of spent wash water is mandatory. Although innovative. technologies for treatment of 
spent wash solutions exist (e.g.. electromagnetic and biphasic separation). two primary processes for 
wastewater treatment are ion exchange and precipitation. The resin or precipitate (now containing the 
chemical contaminants removed from the soil and subsequently from the wash water) is collected and 
stored for further treatment and/or disposal. 

D. 1.1.3 Soil Washing Literahire Review 
An initial review of the literature on the use of soil washing for removing radionuclides from soil was 
conducted in 1991 in support of the TSWP. This review indicated that the application of soil washing 
to radionuclide-contaminated soil was minimal. Since that initial review. the soil washing technology 
has evolved, resulting in a broader and hetter detind soil washing process. as described in Section 
D.1.1.2. The recent interest to make this technology successfil has been the primary driver. In part. 
the development of the soil washing technology is n e d d  to: develop a technology that reduces the 
volume of contaminated soil that would otherwise have tu be excavated. containerized. and stored: 
provide a processed soil fraction that can he returned to an environment requiring a minimum of a 
FER/OUSFS/AEM/APPEPrDD( D I M  21. 1995 I I :  13m D- 1-5 
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institutional controls: and develop a soil washing technology that can be more 'univedly applied to a 
variety of soikontaminant matrices. Based o n  this understanding of soil waxhing. the recent 
literature review focused on three primary aspects of the technology: ( I ) physical separation processes 
relative to soil washing; (2) chemical extraction processes relative to the soil-contaminant matrices; 
and (3) existing soil washing systems or  pilot-scale tests. 

D.1.1.3.1 Phvsical Senaration 
Physical separation processes have heen the focal point of the soil washing technology. Physical 
separation processes serve to: separate the soil into various panicle size fractions: separate loosely 
bound contaminants from the soil: and separate paniculate contaminants from soil particles. The 
concept of reducing soil contamination through the use t)f pmicle-size separation is basal o n  the 
understanding that many organic and inorganic contaminants tend t o  hind p&narily to  clay and tine 
silt soil particles. The attraction of chemicals to this soil-size fraction (especially in ionic form) is 
primarily a function of the negative exchange sites associated with the surfaces of clay. Separating 
this soil-size fraction from the rest of the soil will in turn separate chemicals associated with the clay 
from the rest ofthe soil. In essence. this is called volume reduction. where a large mas of 
contaminant-free coarse soil particks is separated from the contaminant-laden tine5 fraction. There 
are occurrences where coating of clays. metal oxides. and carhonates o n  the-surface d coarse soil 
separates and fragments results in the larger size panicles also containing significant levels of 
contaminants. 

Some contaminants. especially metals. may reside in the w i l  in particulate form. Discrete particles of 
metals (e.g., uranium. k i d .  iron. etc.) may exist as either metallic products from manufacturing 
processes or have complex& into metal oxides. hydroxides. and carbonates. These particulates may 
exist in the soil as: free particulates that disassociated from individual soil particles; particulates that 
are bound to the surface of coarse separates and fridgments; or particulates that are occluded within 
soil aggregates or soil panicles. Liberating these paRicUliites so that they are disassociated from soil 
particles is a primary hnction of physical separation procsszs. 

, 

Much of the technology and equipment used during the physical separation stage in soil washing 
comes directly from the mining industry. Pretreatment processes are initial steps in the soil washing 
operation and are designed to reduce soil aggregates to single grain composition (i.e.. clay. silt, sand. 
gravel, cobble, rock. debris. and particulates). This is accomplished hy a number of mechanical 
processes (e.g., grizzlies. trommel screens. and drum washers). High pressure water and/or mixers 
can also be employed at this- stage to aid in particle liberation. Various screening mechanisms and 
sizes are used during these initial operations to perform panicle sizing and separation. Generally, soil 
fragments and debris are removed at this point from the exkvated soil because they constitute a small 
amount of the total soil mass, their size is not conducive to being processed through the subsequent 
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steps of the operation without prior size reduction (crushing). and the level of contamination is not w 

high relative to the total mass in these oversized materials. 
. .  

Once the excavated soil mass has gone through an aggregate dispersion process and initial fragment 
and debris sizing and separation. the actual "boiler room" part of the physical separation process can 
begin treating the soil. Attri$on scruhhers and mixing tanks are used to aid in particle and 
contaminant liberation. Additional particlesize and density separation processes are used to further 
physically separate soil particles. Selected mining equipment (e.g.. froth tlotation cells, claritiers, 
hydrocyclones, mineral jigs, and spiral classitiers), centrifuges. and multigravity separators are used 
to perform various particle-size cuts of the soil separates. The resulting individual process streams. 
each containing a selected size of soil particle, can individually he addressed'relative to  further 
treatment or processing . 

- 

Certain particle-sizing equipment noted previously also serve as dewatering devices (<.g.. centrifuges. 
hydrocyclones, and claritiers). Dewatering processts are necessary to  remove soluble contaminants 
from the soil solids and aid in further process operations requiring higher solids loading such as 
attrition scrubbing. Although tilter preses and belt filters are sometimes employed for dewatering 
soil, the resulting tilter cake (usually highly concentrated with contaminants) is considered a tinal 
process stream of the soil washing operation. 

D. 1.1.3.2 Chemical Extraction 
The use of chemical reagents to displace ions or compounds associated with the soil's solid phase has 
been a subject of research since the inception of cation exchange. The inctrrporation of chemicals in 
an aqueous solution is used to physicochemically enhance the removal of ions and compounds 
(collectively referred to as chemicals) from soil panicle. Physicochemical separation of chemicals 
may be via mass ac-ion, substitution. or complexation. The basic bonding mechanisms (e.g., ionic, 
covalent, nonspecific, and polar bonding) and Van der Waal forces will in part dictate the 
mechanisms by which these chemicals are disassociated from the solid matrix into the extracting 
solution. The chemical reagents used in the extracting solution will also in pan he responsible for the 
selective disassociation of chemicals into the solution. The use of these water-soluhle chemicals (e.0.. 

surfactants, chelators. acids, and bases) can he incorporated into physical separation operations 
common to soil washing techniques. or they can he used in specitically designed reacmr vessels as 
part of the chemical extraction process. 

.. 
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A review of soil washing technologies that use chemical extractants and their applicability to 

cleaning nonvolatile hydrophilic and hydrophohic organics and heavy metals t&m soil. The repon 
concluded that, although extraction of organics and toxic metal contaminants from excdvated . 

Superfund sites @PA 1989a) concluded that water washing with extractant reagents is applicable for m 
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sandy/silty soil that is low in clay and humus content has been succmstirlly demonstrated at several 
pilot-plant test facilities. extraction from clay and humus soil fractions is more complicatd. 

Kunze and Gee (1989) demonstrritwl greater than 90 percent removal of a large number o f  
contaminants from the soil at a Comprehensive Environmental Response. Compensation. and Liability 
Act (CERCLA) site using various surfiictmt. organic solvent. and acid-washing solutions. .They 
determined that both aqueous surfactant and aqutwus citrite-based solutions are effective fur high 
percentage removals of all classes of the organic compounds tested. Their bench-scale soil washing 
study also showed that with high levels of  contamination at a site. several washings may be required 
and used solutions would have t o  he treated hefore reuse. 

Soil washingis not a new technology. hut its application to mixed waste (organics. inorganics. and 
radionuclides) contamination problems. such as exist at the FEMP site. extend the application of such 
a technology to a relatively new dimension. Soil washing has been success~ l ly  used on soil 
contaminated with radionuclides. Richardsm, et id: (1989). conducted soil washing studies on the 
removal of radium-226 and thorium-230 from two soil. The r l s u l a  of their wet-sieving and 
water-washing studies indicated that the combination of the two processes can significantly reduce the 
radionuclide levels in soil. 

. 

D. 1.1.3.3 Existinn Soil Washin: Systems 
Soil washing has been practiced in Europe since the mid-1980s and has  received wmiderahle 
attention in the United States during the 1990s. A review of soil wuhing vendors prlsental at the 
WASTECH' Symposium indicated that there were 19 vendors in the United States and 14 in Europe. 
Although 14 United States vendors have conducted pilot-scale studies. only six vendors were noted as 
having full-scale soil washing systems. It has been notwl that although pilot-plant demonstrations are 
designed to provide detailed c w .  design. and performance data on a tield-scale system, in some cases 

the system may become the actual plant used in site remdiation. 

Soil washing has shown up as the selected remedy in 17 records of decision (RODs) as of mid-1992. 
No full-scale systems were in operation in support of these RODs before 1992 (Mann 1992). A more 
recent literature search in support of the Operable Unit 5 FS has indicated that a number of full-scale 
demonstrations have been documented either through internal or referenced publications and news 
releases. 

' 

U.S. Environmental Protection Azencv's (EPA's) Mohil Soil WashindSvstem 
The mobil soil washing system developed during the 1980s separates contaminants from soil by high- 
energy mixing of soil with solvents. additives. &tactants. acids. and hxws (Schoir and Milanowski 
1983; Skinner and Bassin 1988; 199 I ). The soil washer consists of three wmponents: a drum 

. -  
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washer, a counter-current extraction chamher. and a dewatering unit. Soil is initially rough-screened 
to remove large stones and debris and then passed through a rotating drum quipped with high- 
pressure water sprays and a 2-mm screen. The counterwrrent extraction chambers incorporate 
turbine mixers, air agitators. and hydrocyclones during the chemical extraction process. With a 
throughput capacity of approximately 2 tons per hour (tph), the system has been demonstrated at an 
Alabama site to treat leadantaminated soil. Most recently, the system was demonstrated on soil at . 

the MontclaidGlen Ridge Superfund site. initially characrerized as containing radium-226 
(Richardson, et ai. 1990; EPA 1989a). Final results indicated that the system could treat over 
50 percent ofthe soil mass to less than the targeted 15 pirocurk per gram (pCi g") activity level 
(Eagle, et al. 1993). 

Alternative Remedial Technoloeies. Inc. 
A joint venture in 1992 between Geraghty & Miller. Inc. and Heidemi.i Reststoffendiensten has 
brought the Heidemij soil washing system to the United States. The system incorporates a 
combination of physical/chemical processes which first separate the oversize materials hy a series of 
vibrating screens. Wet screening cornhind with panicle-size separation using hydrocyclones creates 
a coarse fraction and a tine fraction. The coarse-grain fradion is directed to froth tlotiition cells 
where it is washed with chemicals before dewatering. The tine tiaction is direcml to a sludge basin 
where solids are allowed to settle and the resulting sludge is dewatered using a belt filter press. With 
a processing rate of 25 tph. the system has treated over 20.000 tons of soil contaminated with 
chromium, copper, and nickel at the King of Prussia Superfund site in New Jersey. 

J 

Bermann USA 
The primary projects for Bergmann USA are a IO tph demonstration plant for the Toronto Harbor 
Commissioners and a 10 tph barge-mounted plant for removal of polychlorinated hiphenyl (PCB) 
contaminants from dredged sediment for the U.S. Army Corps of Engineers. The T&nto Harbor 
system incorporated a high-pressure trornmel washer. attrition scruhhers. hioslurry reactors. and 
hydrocyclones for dewatering (EPA 1993). The treatment train was comprised of a trommel to 
remove oversize material, an attrition scrubber to segregate the soil into uncontaminated coarse 
material and highly contaminated t ins ,  metals removal process by chelation. chemical and biological 
treatment for reduction of organic contaminants. and hydrocyclonic dewatering. The system achieved 
cleanup criteria for the gravel and sand products. representing about 80 percent of the product (treated - 
soil), while concentrating 74 percent of the organic contaminants into 19 percent of the product 
output. The system was not effectively evaluated on metal removal due to low initial concentrations. 

Lockheed Cornoration 
The Lockheed $stem incorporates a T R U  clean- patented modular process which includes soil site 
fractionation and gravimetric separition. The process has heen demonstrated at the 
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government4wned China Lake site in California. where paniculate uranium was separated from a 

sandy soil. A combination of hydrocyclones and shaker screens was used to fractionate the soil into 
selected size groups (e.g., sand. silt. and clay). Moditied mineral jigs were used to separate 
particulate uranium tiom the wane soil fraction. Chemical extractants were subsequently used to 

remove residual nonparticulate uranium. Centrihges are used for dewatering. Currently. a system 
incorporating hydrocyclonic/shaker-scrrwn size fractionation is located at the FEMP. This system also 
incorporates the use of attrition scrubbers. chemical extraction tanks. and dewatering centritlgs. 

Westinphouse Soil Washing Pr&ess (WSWP) 
The WSWP was used in 1992 for treating 16.000 cubic yards of metals-contaminated soil at a site 
near Bruni, Texas. Currently. the process is'being tested at the Feather River Superhnd site in 
aorthern California (ENR 1994). Contaminants at this site include pentachlorophenols (PCPs). 
plycyclical aromatic hydrocarbons (PAHs). dioxins. and heavy metals (arsenic. chromium. and 
copper). The full-scale units are integrated prwetss trains which use equipment originally developed 
for the mining industry. The process is arranged to form three hnctional units: ( I )  an initial 
screening and washing of coarse materials. (2) hrakup  of the remaining solids followed by a 

thorough wash, and (3) a high intensity leaching and sepanition of the contaminated t i n s  from the 
clean soil. The system is capable of treating soil contaminatedwith organics. heavy metals. and 
radionuclides. 

D. 1.1.4 Studv Justitication 
The literature review conducted in 1991 for the TSWP resulted in few references on the removal of 

radionuclides from soil using a combination of physical separation and chemical extraction techniques. 
The review revealed that water washing with extractive agents is applicable for cleaning nonvolatile 
hydrophilic and hydrophobic organics and heavy metals from soil (EPA 1989a) and had been 
successfully used on soil contaminated with radionuclides. Information was not found on its 
application to soil containing the radionuclides. inorganics, and organics that charamrize the 
Operable Unit 5 soil at the FEMP. Therefhe. due to the lack of information available to adequately 
address the overall effectiveness of the soil washing process on removing contaminants from the 
FEW soil, as well as the other EPA remedy evaluation criteria ncstssary during the detailed analysis 
of alternatives, a decision was made tu proceed with treatability testing. In August 1992. the tinal 

TSWP was issued and a treatability study was designed to evaluate the effectiveness of soil washing in 
removing contaminants, primarily uranium. from FEMP soil. 

1 

1 

tu 

I .: 

14 

II. 

, -  

IS 

D-1-10 
$001G8 

' FEIUOUSFSlAEMlAf'PENDIX DlMarch 21. I995 1 I :  13run 



FEMP-OSFS-5 DRAFT f lNAL 
March 22. 1995 

D. 1.1.5 EPA Treatahilitv Guidance I 

The EPA's Guide for Conducting Trcinbility Studies Under CERCLA (1989t-i) outlines a three-tiered 
approach to conducting treatability studies for a Superhind site. The revised approach and 
terminology (dePercin. et al. 1 9 9 1 )  illustrated in Figure D.1-l is u fiilkrws: 

Remedy screening 
Remedy selection 
Remedy design 

The three tiers of treatability testing are divided into pre-ROD and post-ROD studies. The remedy 
screening and remedy selectim testing are generally pre-ROD studies. and the remedy design studies 
are generally post-ROD. However. the appropriateness and levels of treatability testing required are 

flexible, and remedy design studies. o n  a site-specific hasis. may he conducted hefore issuance of the 
ROD. 

:? _ .  
:i 

,. 
The remedy screening ilnd remedy selection treatability studies provide the performance and cost data 
needed to evaluate all potentially applicahle treatment alternatives and select an alternative for 
remedial action based on the nine RUFS evaluation criteria. The detailed analysis of the alternatives 

i t s  

.. 
IS 

phase of the RUFS tbllows the development and screening of alternatives and precedes the actual 
selection of a remedy in the ROD. 

Remedy screening is the first step i n  the tiered appniach. The purpose 1 1 i  this step is t o  determine the 

feasibility of a treatment alternative for the cmtaminants/matrix ut  interest. These tests are typically 
conducted under conditions that are favorable to the technology. These small-scale studies are 
designed to provide a qualitative evaluation of the technology and are conducted with minimal levels 
of quality assurance/quality control (QAIQC). Tests conducted under this tier are generic in nature 
(not vendor specific). If the fasihility of the treatment cannot be demonstrated. the alternative should 
generally be screened out at this time. 

. .  

The purpose of the remedy seltx?ion tier is to generate the pertbrmance and wst data necessary for 
remedy evaluation in the detailed analysis of alternatives phase of the FS. The cost data developed in 
this tier should support cost estimates of +50 percent to -30 percent accuracy. The performance data 
will be used to determine whether this technology will meet remedial action objectives. Remedy 
selection studies are typically small scale, incorporating generic tests using bench- or pilot-scale 

L 

:' I  

:< equipment in either the laboratory or the tield. The study costs are higher than those encountered in 
the remedy screening tier and the :sts require longer durations to complete. .The levels of QA/QC 
are generally moderate to high. 
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In the remedy design tier. detailed scale-up design. performance. and cost data are generated to 
implement and optimize the selected remedy (Figure D. I- 1). Remedy design studies are usually 
performed as pan of remedy implementation on tlll-scale or near-full-sde equipment. These studies 
focus on optimizing process parameters. which are not a pan of this treatability study. 

D.1.2 NATURE AND EXTENT OF SOIL AND SOIL CONTAMINATION 
D.1.2.1 
Soil in the region was formed by parent materials that were deposited by the action of Wisconsin and 
Illinoisan glaciers. These materials consist mainly of glacial till but include sand. gravel. glacial lake 

I 
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clay, and silt. Ill 

Three major soil associations have hem mappal in the vicinity of the FEMP hy the USDA (USDA 
et al. 1980. 1982): Russell-Xenia-Wynn. Finciutle-Xenia-Wynn. and Fox-Genesee. The soil are 

usually light colored. acidic. and well drained. Many have developd on wind-blown material (loess). 
except along present and old river hasins where the Fox-Genesee soil is glacial ti l l  origin. The so i l  
are moderately high in agricultural productivity and are frequently u s 4  for growing cash crops and 
producing livestock. 

:r. 
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Soil at the FEMP site are primarily categorized as Fincastle-Xenia silt loams. These soil are Light 
colored, medium acid. and moderately high in productivity when properly managed. Moisture- 
supplying capacity is mderate. as are fertility and organic content. The soil have formed in 18 to 
40 inches of wind-blown silt (loess) over limy loam till. In areas where Fincastle soil are 
predominant, artiticial drainage is required for moderite crop productivity. If artiticial drainage is 
not used, the water table remains high for extended periods in winter and spring. Fincitle-Xenia soil 
also cover large areas west of the FEMP. 

Before development of the FEMP, soil in the former production area consisted primarily of Fincastle 
silt l o w .  The Fincastle series consists of deep. somewhat poorly drained soil that fbrmed in loas 
and in the underlying loam till. Fincaqtle soil are characterized by low permeability. mrulerdte 
productivity, seasonal wetnss. and low soil strength. During the construction of the production area. 

, native soil were covered by introduced gravels. paving materials. and facilities. Areas that are 
currently planted with grasses and maintained as. lawns or buffer zones tend to represent native 
Fincastle soil. 

D. 1.2.2 Soil Contamination 
The nature.and extent of chemical contaminants within FEMP soil has been investigated through two 
programs. The sampling and analyses conducted in suppon of the Operable Unit  5 fWFS was 
extensive in describing the type of contaminants existing at the FEMP and the three-dimensional 
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distribution of these contaminants throughout the soil protile. The Uranium in Soil Integration 
Demonstration (USID) program. established by the U.S. Department of Energy Ottice of Technology 
Development, is the second characterization program at the FEMP. The USID Characterization Task 
group was given the responsihility to conduct a study to ohtain ,hasic information relating to soil 
properties and the nature of uranium contamination tbr the site's soil. 

Current characterization information indicates that a minimal mount  of soil at the FEMP wntains 
hazardous chemicals. However, constituents of concern (COCs) for contaminated wil at the FEMP. 
which have been noted in the Site-Wide Characterization Report (DOE 1993). are listed below: 

Chemicals Radionuclides . 

Arsenic Radium 226 
Beryllium Rad ium-22 8 
Lead Thorium-228 
Mercury Thorium-230 
Aroclor- 1254 Thorium-232 
Aroclor- I260 Uranium (depleted) 
Benzene Benzo(a)pyrene 
DDT 
Tetrachloroethene . 

Antimony L e d 2  IO 

D. 1.2.2.1 ODerahle Unit  5 Remedial Invext imion  
Uranium is the indicator parameter for contamination at the FEMP. Uranium has dlso heen present in 
samples containing concentrations above background levels for other inorganic constituents including 
radionuclides and metals. and concentrations ahove detection limits for organics. The kvel  of 
contamination in surtace soil is generally less than the level of contamination of soil under or near 
certain process buildings. The highest levels of uranium have heen detected near Plant 6 and 
Plant 2/3. Acids were used to digest or pickle material in thme locations. Organic contamination 
occurs near plants where chemicals were used for pmcess development or in conjunLrion with 

machining and maintenance operations. except in the case of the tire training area. the graphite 
furnace and oil burner, and the coal pile. 

Surface soil in the vicinity of the FEMP has become contaminated from a variety of sources. 
Overall, the site has received a dusting of airborne uranium from the stacks in the former production 
area. Additional airborne material h a s  heen released in the w a t e  stordge area hy dust blown from the 
disposal pits and tracking of contamination by vehicles. The incinerator in the sewage treatment plant 
area was also a source of airborne contamination. Additionally. leaks and spills from processing 
activities within the former production area have resulted in soil contamination. 

WObB272 
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The data used to chwacterize the nature and extent of soil contamination at the FEMP were collected 
and analyzed from the spring of 1988 through 1990. In general. concentrations of total uranium in 
soil samples from outside the former pr0dUction area and waste storage area are below 50 milligram 
per kilogram (mg kgr'. The exceptions to this are in suspect areas. such as the tire training area. the 
sewage treatment plant area, and the rubble mound west of the K-65 silos. Each of these areas has 
surface contamination in excess of 50. mg kg'l of total uranium. The maximum total uranium value 
found in soil from throughout the former production area wits detect4 in a sample collected just 
below the concrete tloor of the Plant 6 wastewater treatment area. 

Large portions of the former production ilTt!d have total uranium concentrations in soil from 0.0 to 

1.5 feet at greater than SO mg kg-'. Actually, a large part of the uranium contamination is a surt'ace 
contamination problem. A comparison of the 50 mg kg" contours indicates that below 1.5 feet total 

uranium values greater than 50 my kg'l are restricted to the northern end of Plant 6. scattered points 
around the garage and heavy equipment building. the Plant 213 area. the southwest corner of the pilot 
plant, the northwest corner of the maintenance building. and the southeast corner of Plant 9. Within 
the former production area. leaks and spills from process equipment have c a u l t d  in deeper migration 
of contaminants at higher concentrations than is due to airhorne deposition. Although uranium is the 
indicator parameter at thv FEMP. many samples have been analyzed tiir other radionuclides. To 
better focus the investigation of this complex production network into a manageable technical 
framework, the former production area was separated into four distinct quadrants.. 

D. 1.2.2.2 Uranium in Soil Intecrited Demonstration characterization Study 
The primary objective of the USID program was to evaluate and demonstrate remedial alternatives for 
uranium-contaminated soil. An initial phase in this program was to  irhtain hasic information relating 
to soil properties and the nature (if  uranium wntiimination. The IISID selected five ;1rei.uK within the 
FEMP property and conducted an extensive characterization of selected soil samples from these areax 

(Lee and Marsh 1992). 

The basis for this characterization was to investigate the nature of soil contamination by examining: 

0 

0 

Chemical leaching characteristics 

Uranium distribution with soil depth 
Soil particle-size distrihutions and their uranium contrihution 
Soil chemical and physical properties 
Particle density of soil and contaminant 
Mineralogical and microscopic properties of soil and contaminant 

Background soil uranium content and soil properties. 
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The following results are taken directly from 

Except'in an area contaminated by 
of most areas was shallow (usually 
10 to 2800 pCi g-') 

Background uranium concentrarion 

Lee and Marsh's report: 

acidic solution spills. the contamination depth 
less than IO centimeters Icml containing from 

of off-site soil was less than 4 pCi g' 

The sand and silt-size fractions cimtained from 48 to 79 percent of the uranium in soil. 

The dominant form of uranium was sand and silt-sized particulates often associated with 
calcium. phosphorous. iron. and silicon 

Most of the uranium particulates had a density greater than 2.9 g milliliter (mL)-' 

Considerable amounts of soil uranium. I O  to 40 percent and 20 to 75 percent. could 
be extracted using 2 percent solutions of ammonium ciirhonate and citric acid. 
resptxrively . 1 

D. 1.2.3 Descrintion of Treatahilitv Study Soil 
D. 1.2.3.1 Incinerator Area (ID-A) 
This area.is located outside of the pnduction area to the east. and the underlying soil should he 
Fincastle series. The soil has a well-cleveloped surface horizon with tine granular structure and the 
occurrence of small limestone gravel. The source of uranium contamination in this area was 

incinerator emissions from burning low-level contaminated trash. 

D. 1.2.3.2 Plant I Drum'Storaae Area (ID-B) 
This area is located in the northwtstern part of the production area and the underlying soil should be 
Fincastle series if they have not been too deeply disturbed. The soil had a weakly developed structure 
and about 30 to 60 percent limestone gravel. The presence of the angular limestone gravel indicated 
that the area had been highly disturhd from past activities. The source of uranium contamination in 
this area was funoff from the dfum storage pad coupled with air deposition from stack emissions. 

D. 1.3 DESCRIPTION OF TREATABILITY STUDY APPROACH 
The approach used for the Operahle Unit  5 soil washing treatability study is illustrated in Figure 
D. 1-1. This approach was consistent with the EPA's tiered system for conducting treatability studies. 
The two-tiered treatability approach was designed to evaluate thesoil washing process for Operable 
Unit 5 by conducting both bench-scale testing (remedy screening) and pilot-scale testing (remedy 
selection). A unique aspect tu this standard CERCLA approach for conducting treatability studies is 
that the study was designed to support a cooperative testing effort between the USlD program and the 
F E W  RUFS project. 

800$74 
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Parallel bench-scale tests were conducted Juring Stage I testing of the remedy screening proctss. 
Because soil wishing is a physicochemical treatment process. separate physical separation and 
chemical extraction tests were conducted in a parallel effort. The physical separation tests were 
targeted as describing the particle-size distribution and the resulting uranium associated with each site 
fraction. The chemical extraction tests were used to identify the most effective chemical for 

separating uranium from the soil. Stage 11 incorporated the tindings from Stage I testing>into a 
combination of physical separation and chemical extraction treatments. The tindings from these Stage 

I and I1 bench-scale studies were incorporated into a pilot-scale version of a soil washing treatment 
system during the remedy selection pan of the CERCLA process. 

The Guidance for Conducting Treatability Studies Under CERCLA (EPA 1988) recommends that 
target compounds he used during remedy screening tests. Because uranium is the primary 
contaminant at the FEMP, total uranium was selected as the target compound to evaluate the 
effectiveness of the various treatments tested. Although other contaminants were munitirred during 
selected stages of testing. uranium was the primary analyte used to evaluate a treatment's 
effectiveness. 

D. 1.3.1 Rem& Screeninrr - Bench-Scale Testing 
The physical separation component of  Reiiiecly Screeiiing-Suge I was designed t o  test the effect c)f 

different dispersants on removing uranium from different wil-size frxt ions and charxterize the soil 
particle-size distribution and the respective uranium concentration ainong individual soil-size fractions. 
Each soil was dispersed in a number of sodium salt solutions and mechanically separated into specific 
soil-size fractions using a wet-sieving technique. Each soil-size fraction and spent dispersing solution 
was collected and analyzed for total uranium. 

In a parallel effort during Remedy Screening-Stage I testing. chemical extraction experiments were 
designed to test a wide range of chemicals under very aggressive conditions that were selected to give 
each chemical the best probability for effectively removing uranium from the soil. The conditions 
chosen were high temperature (80" C). relatively high reagent concentrations (e.g.. I :  1). and 
relatively high dose rate (10: 1). The high temperature and high rugtint concentration may adversely 
increase the rate of other metal compound dissolution; therefore. the high dose rate will minimize the 
effed that common ion dissolution has on ionic strength of the extracting solution. The most effective 
extractants were determined by evaluating the residual uranium in the wil following extraaion. 
These results would provide the baseline conditions to tinher Jetine chemical selection and process 
optimization. < 

Stage I1 of the remedy screening process conWned the rmults of Stage I physical separation and 
chemical extraction ezperiments: The soil-size fractions that were shown to retain, sig?iti,$ant levels . Y 
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of uranium were selec?ed for use in a series of chemical extraction tests. The number of extractants 
tested during Stage I testing were reduced to only the most effective extractants in removing uranium 
from soil. During Stage 11 testing. the e:ffwts of extractant concentration. temperature. and dose rate 
were investigated. Also during Stage I1 testing, spent extractant treatment via precipitation and ion 
exchange were investigated. The uranium-loadd extractant solutions and rinse solutions contained 
material leached from the soil. Preliminary precipitation tests were performed ti! determine which 
type@) of precipitating and tlocculating reagents were necessary to remove the majority of the 
hazardous and radioactive metals. Ion exchange tests were also per tormd to evaluate the 
effectiveness of specitic resins in selectively and/or quantitatively removing uranium from the spent 
extractant and rinse solutions. , 

D. 1.3.2 Remedv Selection - Pilot-Scale Testins 
Pilot-scale testing of the soil washing process waq condutxed ;IS pan of the remedy selection 
component of the CERCLA guidance for treatability testing. The pilot-scale tests incorporated 
specific equipment (e.g.. trommel. vibrating screen deck. attrition scrubber. centritiige. and extraction 
vessels) as part of the soil washing system. Only the most successful chemical extracting solutions 
from Stage 11 bench-scale testing were incorporated into this system. It was expected that a 
combination of chemical extractants. combined with physical separation techniques. might be 
necessary to effectively remove uranium from the soil. The overall etYectiveness of an empirically 
derived soil washing system for treating FEMP soil was evaluated by conducting a' complete analysis 
of the soil before and following the treatment process. 

D. 1.3.3 Relationshin of Treatahilitv Data to FS Evduittion Criteria 
The  following information was obtained or can he c ~ l c u l a t d  as a result of the treatability study 
testing: 

Volume of.soi1 in which uranium content was reduced to detined concentrations for 
uranium and other COCs 

.Volume of residues requiring disposal 

. Wash water volume for treatment and/or disposal relative to the initial untreated waste 
volume 

Volume of extracting reagents for disposal relative to the initial volume of untreated 
waste 

Amount of contaminants removed from soil by extractants and process water 

Cost of implementing the technology 

Conce mal rocas tlow diagram for a full-scale prtduction system 
BSBdB%&i 
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Conceptual mass balance across a process tlow diagram (PFD) for full-scale 
production system 

' Mobility of contaminants in untreated and treated soil. 

D.1.4 DESCRIPTION OF OTHER SOIL WASHING LABORATORY STUDIES 
D.1.4.1 Oak Ridge National Laboratorv (ORNL] 
Two soils were used in bench-scale testing at ORNL to determine the effectiveness of sodium 
carbonate and citric acid leaching (extraction) to decontaminate or remove uranium to acceptable 
regulatory levels. The objective of the work by Francis, et. al. (1993) was to selectively extract 
uranium using a soil ya.hing/extriction process without seriously degrading the soil's 
physicochemical characteristics or generating a secondary waSte tbrm that would he difticult to 
manage and/or dispose of. The two soil used in the treatahility t s t i n g  were the Same ID-A and ID-B 
soil from the incinerator area and Plant I storage pad area. respectively. These two soil were also 
used in an interlaboratory treatability study sponsored by the FEMP USID program. Uranium 
concentrations in these sail, as determined by ORNL. ranged from 450 to 550 mg kg-' total uranium. 

Carbonate extractions generally removed from 70 to 90 percent of the uranium from the ID-B soil. . 
Uranium was slightly more difticult to  extract from the ID-A soil. Increasing the extraction 
temperature tkom 22 to 40" C for the ID-A soil increased the friction of uranium extracted from 
approximately 40 to 80 percent. However. the increased extraction temperature did nut appear to 

increase extraction effectiveness for the ID-B soil. Extraction with carbonate at high sulution-to-soil 
ratios were as efieaive as extractions at low solution-to-soil ratios. indicating attrition hy the paddle 
mixer was not significantly different than that provided in a rotary extractor. Pretreatment such as 
milling or pulverizing the soil sample also did not appear to increase extraction efticiency when 
carbonate extractions were carried out at elevated temperatures (60°C) or long extraction times 
(23 hours). Adding KMnO, to the carbonate extractions appeared to be more effective in removing 
uranium from the silt- and sand-size fractions (greater than 0.002 mm) of soil than from the clay-size 
fractions (less than 0.002 mm). 

The most effective extraction rata  (greater than 90 percent from hoth soil) were obtained using a 
citratddithionite extraction procedure designed to remove amorphous (noncrystalline) iron/aluminum 
sesquioxides from surfaces of clay minerals. Citric acid also proved to be a very good extractant for 
uranium. At pH values I t s  than 5 .  approximately 50 and 90 percent of the uranium could be 
extracted from the ID-A and ID-B soil. respectively. A citric acid extraction (0. I M) of the ID-A soil 
followed with two carbonate extractions containing KMnO, removed grater than 80 percent of the 
uranium, indicating that a combination of citric acid and carbonate extracting procedures may be the 
best approach for soil containing residual forms of uranium. ORNL's efforts to date have shown that 
significant quantities of uranium can be extracted from these two soil witho,ut seriously degrading the 
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soil's physicochemical characteristics ur generating a secondary uranium waste' form that is difticult to 
manage and/or to dispose of. 

D. I .4.2 Lockheed Environmental Svstems and Technolow (LESAT) 
The bench-scale treatability testing conducted by LESAT was in suppon of the Minimum Additive 
Waste Stabilization program with the specific objective of demonstrating the feasibility of integrating 
vitrification of the Operable Unit i waste pit material with soil washing and water treatment. The 
initial objeczive of the soil washing system was to use physical separation processes to provide a silica 
feed for the vitritication process. A subsequent objective was to use physicochemical processes with 
the soil washing system to treat that fraction of the soil not serving as the silica f ed  to an acceptable 
cleanup level. The experimental design and 'results are contained in an internal report issued by 
LESAT. 

The soil used by LESAT Juring their bench-scale treatability testing was from the Plant I pad area. 
The soil was not the same soil that w& screened and homogenized by the USID program and usd in 
subsequent bench-scale testing by ORNL and International Technology (IT) Corporation. The soil 
received by LESAT Contained surt*ace vegetation (yraxs) and roots. Therefore. spaitic 
characteristics. e.g.. organic matter content. panicle-size distrihution. and uranium concentration. 
may signiticantly vary from those characteristic d e x r i b d  for the ID-B soil (Plant I pad area soil). , 

The following are the primary conclusions resulting from LESAT hench-scale soil washing treatability 
testing: . 

Uranium contamination is distrihutd throughout the soil matrix in levels ahove 
35 pCi g" and the majority of soil panicles are less than 0. I mm in site. 
Consequently it was. concluded that physical separation techniques alone will not 
achieve the 35 pCi g" criteria and achieve a signiticant volume reduction. 

The 100 mesh (0.149 mm) to 0.03 mm fraction has  the highest silica content of the 
soil matrix as determined by concentration of SO,. It was therefore selemd as a feed 
stream for the vitritication process. Because of its high SiO, content it is kneticial to 
vitritication and rtxlucm the need for additivis. 

. There is a signiticant amount of organic matter in the soil matrix. The organic matter 
has the highest activity levels relative to other soil fractions. Because processing the 
organic matter through the leach process will reduce leach pertbrmance andlor 
increase chemical usage and cost, it will be screened out of the soil matrix and f d  to 
the melter. Initial vitritication tests have shown that this soil fraction is processable 
for vitritication. 

Carbonate leaching of the minus-0.03 mm fraction is etiective in achieving the 
35 pCi g-' criteria. 
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The ion-exchange resins to be used in field tests are acceptable in  removing uranium 
from the leach concentrate. allowin$ the water to he recycled for use in the soil 
washing system. 

D. 1.4.3 Westinphouse Science and Technolop Center CWSTC) 
The soil used in henchacale soil washing treatability testing by W S T C  were the two wil colle~~ed 
under the USID program. the incinerator area soil (ID-A) and the Plant I pad area soil (ID-B). 
Results of this testing are contained in an internal report issued by WSTC.  W S T C  tested the use of 
0.2 molar (M) ammonium bicarbonate (NH,HCO$ solution alone and in conjunction with ;I oxidation 
pretreatment using two percent sodium hypochlorite (NaOCI) solution. Based on these test 

parameters, the following conclusions were ruched: 

, 

Removal of the uranium from both soil appears to he technically feasible by using a 
cornhination of ammonium. bicarbonate and stdium hypochlorite solution and physical 
separation. 

The contamination in the ID-A soil was divided between a highly soluble form and a 
relatively insoluble form in soil fractions between 0.075 to 0.3 mm. 

The bontamination in the ID-B soil was highly soluble and readily mobilized by the 
leachate. 

\ 
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D.2.0 CONCLUSION AND RECOMMENDATIONS 

D.2.1 CONCLUSlONS 
An extensive investigation into the application of soil washing as an effective remedial alternative for 
soil at the Fernald Environmental Management Program (FEMP) was conducted over the past three 
years. The investigation was initiated with a characterization study hy o d k  Ridge National 
Laboratory (ORNL) of uranium contamination at the FEMP. This characterization study concluded. 
based on the five areas sampled (Plant 213, plant 1 drum storage pad. drum baling area, incinerator 
area. and Plant 6), that uranium was distrihuted throughout all soil size frdcrions (gravel. .sand. silt 
and clay). In addition. uranium in the soil was noted to exist as individual discrete particles or as 
smaller particles cemented to silt. sand. and gravel fractions rather than as a preferentially adsorhed 
form on clay minerals. Although particulate uranium was a dominant form in FEMP soil. the delta 
specitic gravity was not great enough for rnultigravitational separation techniques to work effectively. 
Because of the ubiquitous distrihution of uranium among all soil panicles. physical separation 
techniques alone were considered to be ineffective in achieving a volume reduction in the s o i l  m a s  or 
a significant volume reduction in the uranium mass. Therefore. an emphasis was placed on 
investigating the potential effectiveness of using physicochemical soil washing processes for treating 
FEMP soil. 

Following the initial characterization eftort hy ORNL. the smpi of the subsequent'tr~~dh.ility studies 
was a two-year investigation which focused o n  remwing uranium from FEMP soil using a 

physicochemical soil washing approach. This investigation was t h l e d  hy two DOE programs: A 

remedial investigation/feasihility study (RI/FS) -funded series of treatability tats hy IT Corporation 
on both a bench- and pilot-scale: and an Oftice of Technological Development-funded integrdted 
approach by Lockheed, Westinghouse. as well as an array of national laboratories including ORNL. 
Los Alamos National Laboratory and Argonne National Laboratory. Although these two Department 
of Energy-hnded programs adhered to difierent missions. the integration of their a&tit ies and the 
sharing of data and ideas generated during the extensive trwtahility testing created an interactive 
exchange that focused on the ultimate objective of removing uranium from FEMP soil to an 
acceptable residual level in terms of hoth mass and mobility. 

. .  

This report has focused on the results obtained during the treatability testing by IT Corporation and 
the Fernald Environmental Restoration Management Corporation (FERMCO). The study was 
conducted as part of remedy screening and remedy selection testing in support of the Oper&le Unit 5 
FS to evaluate remedial alternatives for cleaning soil at the FEMP site. The testing was conducted in 
accordance with CERCLA guidelines for conduhing treatability studies. Although. reference has 
been made frequkntly to support studies. in particular ORNL's test results, data presented here 
relative to constituent concentrations and removal efticiencies. are solely a product of these tests. 
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Comparison to other test data for the same soil. must k with the understanding of the inherent 
variability associated with any soil-cmtaminant matrices. regardless of how homogeneous. In must 
cases. tests were run without replication. which negates the association of any statistical reliability 
with the results. In the few cases where duplicate or more replications were conducted, statistical 
interpretations with respect to the data were presented. 

During the two-yw duration of treatability testing in support of the Operable Unit 5 FS. 12 soils 
were characterized and to some degree used in subsequent treatability testing. Initially. soil from two 
of the tive areas investigated by ORNL. incinerator arm (ID-A) and Plant 1 drum storage pad (ID-B). 
considered to be representative of the so i l an tamin i t  matrices at the FEMP. were selected and used 
in the treatability studies. These two soil contained no constituents of concern (COCs) other than 
uranium. Because the Treatability Study Wort Plan (TSWP) was directed at testing a remedial 
technology that would address a range in soil-contaminant matrices. a third soil (from the maintenance 
building area (OU5-AI) containing other COCs k i d s  uranium was ais0 used in the initial hench- 
scale treatability studies. However. due to certain site constrsints. only the ID-A and ID-B soil were 
used in remedy selection pilot-scale testing at the FEMP soil washing pilot plant. The nine remaining 
soil (not initially referenced in the TSWP) were ci)lltxtcr#l and used in henchacalr testing at the FEMP 
during the tinal stages of the treatability study to determine if the priiposd hybrid soil washing 
process (Appendix L) used as the foundation for the Operable Unit  5 FS would be effective over a 

wider range of soil-contaminant matrices. 

The two soil studid during initial bench-scale testing were the ID-A and the ID-B soil. Gwtechnical 
characterization of the two soil (initially prtscrzznal at 19 mm) showed that 77.4 and 74.6 percent. 
respectively, of the ID-A and ID-B soil were in the less than 0.05 mm-size fraction and of this 
percentage, approximately 15 percent was clay ( I t s  than 0.002 mm). It was also determined that 
uranium was distributed among all pa r t i ck i t e  tiactions (consistent with ORNL results). Soil 
quantities used during bench-scale testing contained approximately 497 and 450 mg kg-I total uranium 
for the ID-A and ID-B soil. respectively. Uranium concentrations in the sand and silt h a i o n s  were 
1028 and 317 mg kg-'. respectively. for the ID-A soil and 189 and 223 mg kg-'. respwqively, for the 
ID-B soil. Although the ID-A and ID-B clay Frdctions contained 1475 and 2710 mg kg". 
respectively, pan of this was uranium that was brought into solution during the soil dispersion process 
and adsorbed back onto the clays. 

During Stage I of the bench-scale treatability studies. physic4 separation techniques and chemical 
dispersantdextractants were-used in combination to treat the ID-A and ID-B soil. Four I mm 
sodium reagent solutions (sodium hydroxide. sodium carbonate, sodium bicarbonate, and a sodium 
citrate-bicarbonatt3-dithionite mixture) and potable water were evaluated for effectiveness in dispersing 
each soil into single-grain separates and extraaing total uranium from wch of the resulting 

iQOQZ81 
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M i d i  22, 1995 a panicle-size hL7ions. Dilute sodium solutions were more effective than water in dispersing the soil. 
No solutions were effeztive in removing uranium tiom any soil-size fraction. The use of dispersants. 
as compared to water. on the less than 2-mm-size fraction seemed to causes a shift in the distribution 
of uranium out ofthe sand fraction and into the silt and clay fractions for ID-A soil and onto the clay 
fraction for the ID-B soil. 

More rigorous treatment conditions were applied during the ensuing physical separation bench-scale 
testing. Attrition scrubbing was comhined with higher strength sodium compound solutions and usat 
to treat the less than 2 mm soil fraction for the ID-A and ID-8 soil. The three alkaline extraction 
solutions tested were sodium pyrophosphate. sodium carhonate/stdium bicarbonate, and ammonium 
carbonate/ammonium bicarbonate. The independent variables tested were solution strength (0.1, 0.25 
and 0.5 M) and attrition scrubbing time (5. 15, and 30 minutes), The uranium concentration was 
determined in the sand fraction (greater than 0.053 mm) and the silt-clay fraction ( I s  than 
0.053 mm). There was little difference among the chemical extiactants o n  their effectiveness in 
removing uranium from either soil fraction. Higher concentrations of each chemical extractmi 
(0.5 M) were more effective in removing uranium from each of the two size fractions. Increasing the 

attrition scrubbing time from 5 to 30 minutes also increased the amount of uranium removed from 
each size fraction. Even though there was less than a linear response with increasing extractant 
concentration or attrition scrubbing time. a point of diminishing returns had to be selected. This point 
for Stage I1 testing would be a 0.25 M concentration for sodium carbonate/sodium' bicarbonate and an 
attrition scrubbing time of 15 minutes. Sodium carbonatehicarbonate was also selected due to its use 
in the uranium mining industry. 

a 
While the physical separation testing was being conducted, a parallel effort was being pursued with 
respect to the use of chemical extractants. Due to the uhiquitous distribution.of cc?ntamination among 
all soil particles, 12 chemical reagents comprised of inorganic acids. salts. bases. and chelants were 
evaluated for their effectiveness in removing total uranium from the less than 2-mm-size tiaction of 
the ID-A and ID-B soil. This remedy screening pan of the study was designed in stages to selectively 
and sequentially investigate certain aspects of chemical extraction. Successful results from each stage 
were transferred to subsequent stages to further retine the use of chemicals for extraction of total 

' uranium from both soil. 

Stage I chemical extraction testing used very aggressive conditions. Very concentrated reagents were 
tested at a high extractant:soil ratio (IO: I),  high temperature (80°C) and a 4 hour reaction time. 
Results indicated that the most effective chemical extractants in removing total uranium from both soil 
were the inorganic acids (nitric, hydrochloric, phosphoric, and sulfuric); they reduced total uranium 
concentration by over 95 percent. Although sodium carbonate, ammonium carbonate, and sodium 
hydroxide were more effective on the ID-B soil. all three extractants reduced total uranium 
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concentration in the solids to less than 50 mg kg". representing a more than YO percent reduction in 
total uranium. 

Based on tindings from Stage I testing, three inorganic acids (sulfuric, hydrochloric, and nitric) were 
carried into Stage I1 testing for further investigation. Stage 11 testing was directed at reducing the 
halfancentrated acids used in Stage I testing to the lowest acid strength without reducing their 
effectiveness in uranium extraction. Stage I1 results showed that all concentrations of acids grater 
than or equal to 1 N were able to achieve less than 50 mg kg-' total uranium in the extracted soil 
solids, equating to a more than 90 percent reduction in uranium. 

In Stage I11 testing, extractant, extractant concentration (1 and 2 N), temperature (ambient and 40°C). 
dose rate (4: 1 and 7: 1 extractant:soil), and extraction time (0.5 and 2 hours) were evaluated. 
Although nitric and sulfuric acid extractants were effective on h t h  soil in removing uranium. sulfuric 
acid was selected for use in pilot-scale testing. Results from hench-sde testing showed that a I N 
sulfuric acid solution (4: 1 dose rate) at 40°C and 0.5 hour extraction time was able to reduce total 
uranium concentration in the ID-A extracted soil to 38 mg ky". Sulfuric acid wax also very effective 
on ID-B soil, regardless of extraction conditions. A I N sulfuric acid solution. 0.5 hour extraction 
time, 40°C temperature, anJ.7: 1 dose rate reduced total uranium concentration in the extracted solids 
to 19 mg kg'l. 

Based on the tindings from the bsnch-scale physical separation and chemical sxtra&m testing, a 

combined approach was developed for final bench-scale testing before taking the process to pilot- 
scale. The ID-A and ID-B soil were suh.iected to an initial physical process followed by a chemical 
extraction process. Both soil were attrition scrubbed for 15 minutes using a 0.1 M sodium 
carbonate/sodium bicarbonate solution at a 2: I dose rate (33 percent solids). At the end of this tirst 
part of the combined' treatment process. the uranium mncemation in the ID-A and ID-B soil were 
reduced to 341 and 241 mg kg-I, respectively. This equated to a 31 and 46 percent reduaion in the 
ID-A and ID-B soil respectively. These soil were then extracted for 30 minutes at 40°C with a 2 N 
sulfuric acid solution at a 7: 1 dose rate (12.5 percent solids). The tinal concentration of uranium in 
the ID-A and ID-B treated soil solids following this sequential treatment process was 49 and 
71 mg kg-I, respectively. This equated to a 90 and 84 percent total reduction in the ID-A and ID-B 
soils. respectively. These operational parameters were then used to construct the processing 
conditions for operation of the soil washing pilot plant tests. 

The initial configuration of the soil washing pilot plant was based on the fundamental designs of 
ament soil washing systems within the United States. However, modifications to the design were 
implemented during construction of the pilot plant. resulting in a process wntiguration of the system 
specifically tar eti FGMP soil. A 3000-square-ftwt. bi-level skid-mounted system was wnstructd 

OdOY8d 
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to separate the soil into discrete-size fractions to facilitate separate trwtment of each size fraction. 
Soil size cuts of the less than 19 millimeter (mm) fwd soil were made at the trommel (4.75 mm). the 
screen deck (2 and 0.3 mm), and the centrifuge (approximately 0.02 mm). 

The operation of the wil washing pilot plant was strucrured around a hybrid system incorporating 
physical separation processes with selected chemical extradon processes. The physical sepiuticin 
part of the system was directed at producing a selected soil size fraction from the feed soil &at 
provided sufficient mass to warrant the use of an attrition scrubbing process. The attrition scrubbing 
part of the physical separation process incorporated a bisequential chemical extraction process which 
used multiple 0. I M carbonate/ bicarbonate sequential extractions in the attrition scrubber followal hy 
a 1 N sulfuric acid extraction prcxxss at 40°C to treat all soil solids grater than 0.02 mni. The less 
than 0.02 mm soil solids were solely extracted with 1 N H30, at 40°C ti)r I hour. 

The soil washing pilot plant was operated in hatch mode for a period of three months. Two batch 
runs (one 55-gallon drum of soil per hatch run)  of both the ID-A and ID-B soil were conducted 
during this pilot-scale testing. The two runs per soil were used to evaluate reproducibility of process 
operations and to provide somv statistical reliability to the resulting data. Potentially. six basic 
process streams could have been generated during the operation of the soil wrrshing system. Those 
streams included: ( I )  treated soil solids greater than 4.75 mm; (2) treated soil ailids 0.3 to 4.75 mm 

(3) treated soil solids 0.02 to 0.3 mm: (4) treated soil solids less than 0.02 mm: (5) ii tilter cake 
(residue); and (6) spent carbonate extraction solution. Due to the operation ot'the soil washing 
system these primary process streams were slightly changed. The 0.3 to 4.75 mm soil solids coming 
off of the screen deck were ci)mhined with the 0.02 to 0.3 mm soil solids coming off of the 
centrifuge to form a single process stream. A centrifuge heel was cfeattrl during system operations. 
The centrifuge heel was partially treated soil retained by the centrifuge during the batch-mode 
operation of the system. Although this soil was not originally considered to he pan of any primary 
process stream, it constituted such a signiticant amount of the initial soil mass ilnd total uranium mass 
that it was used in the mass balancing of process operations. It should also he noted that although the 

centrifuge functioned very well as a dewatering device. it did not provide a panicle-size separation ;~t 

0.02 mm. 

Laboratory analysis hy FERMCO. used to support mass balancing calculation for operation of the soil 
washing system. showed the initial average uranium concentration for the ID-A soil was 459 
(SD= 39.6) mg kg-' total uranium. The total uranium concentrations in the greater-than-0.02-mm and 
less-than-0.02 mm treated soil solids were 27 mg kg-l (SD= 1.4) and 62.5 mg kg' (SD=26.2). 
respectively. These two primary process stream. plus the greater-than4.75 mm gravel. accounted 
for an average of 74.3 percent (SD=1.4) of the initial total mass for the ID-A treated soil solids. 
This total mass of treated soil averaged 27 mg kg-' (SD= 1.4). Residual total uranium mass 
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remaining in the treated sui1 was approximately 10.3 percent (SD=O.4) of that contained in the feed 
soil. This equated to nearly a 90 percent reduction in total uranium m a s  for nearly 75 percent of the 
ID-A soil processed. Most of the uranium mass was either concentrated in the tilter cake or remained 
in the spent carbonate extractant. The tilter cake having a find total uranium concentration of 
approximately 637 mg kg-' (SD=209) contained I 1.2 percent (SD=3.5) of the total uranium mass. 
Most of the uranium remained in the spent carbonate solution. This solution contained 71.5 percent 
(SD= 16) of the total uranium mass. This solution also contained a significant amount of the initial 
soil mass, although an exact value could not be calculated. Much of this soil mass was the tine 
fraction of the soil separates that did not partition into the solid phase Juring centrifugation. 

The initial average uranium concentration for the ID-B soil wa\ 122 (SD=-)6.7) mg kg-' wtal 
uranium. The total uranium concentrations in the grater-than4.02-mm and less-than-0.02 mm 
treated soil solids were 17 mg kg-' (SD=4.2) and 35.5 mg kg-' (SD=2. I ) ,  respec?ively. An 
additional quantity of effectively treated soil generated during the processing of the ID-B was the 
centrifuge heel. The centrifuge heel constituted nearly 3 I percent of the initial soil mass with a tind 
total uranium concentration o f 6 0  mg kg-' (SD= 19. I ) .  These three primary process streams, plus 
the greater-than4.75 mm gravel. accounted for an average of 78 percent (SD= 10.7) of the initial 
total m a s  for the ID-B treated soil solids. This total mass of treated soil averaged 37 mg kg'l 
(SD= 12.7). Residual total uranium m a s  remaining in the t r a t d  soil was approximately 6.7 percent 
(SD=2.5) of that contained in the feed soil. This equated to over a 90 percent reduction in total 
uranium mass for nearly 78 percent of the ID-B soil processed. Most of the uranium mass was either 
concentrated in the tilter cake or remained in the spent carbonate extractant. The tilter cake having a 
final total uranium concentration of approximately 3455 mg kg" (SD= 1281) contained 47.5 percent 
(SD= 10.7) of the total uranium mass. A major portion of the uranium remained in the spent 
carbonate solution. This solution contained 23.5 percent (SD= I 1.8) of the total uranium mass. This 
solution also contained a signiticant amount of the initial soil mass. although an exact-value could not 
be calculated. Much of this soil m a u  was the tine traction of the soil separates that did not partition 
into the solid phase during centrifugation. 

Off-site analyses by a contraczed laboratory were also conducted in support of toxicity characteristic 
leaching procedure (TCLP) evaluation on the primary process strams generated during the operation 
of the soil washing system. Total uranium concentration values for the initial soil and the primary 
process streams were consistently higher by off-site analysis a dompared to on-site analysis. The 
average total uranium concentrations for the 0.02- to 4.75-mm process stream are 59 mg kg'' 
(SD=4.2) and 75 mg kg" (SD= I .4) by the contracted laboratory. respectively. for the ID-A and 
ID-B soil. The average total uranium concentrations for the Iess-than-0.02-mm process stream were 
158 mg kg-' (SD=23.3) and 112 mg kg" (SD=2.1) by the contracted laboratory. respectively. for 

, 

the ID-A and ID-B soil, 
OOWZ85 
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The TCLP results indicated that there is ;I reduction in the leachable quantity of uranium for the 0.02- 
to 4.75-mm and the less-than-0.02-mm prc!cess streams. as compared to the initial soil. The initial 
feed soil showed TCLP values of 1206 and 11.398 pCi L 1  for the ID-A and ID-3 soils. respectively. 
The 0.02- to 4.75-mm process stream was reduced to average TCLP values of 98 pCi L1 (SD=50.9) 
and 267 pCi L-' (SD= 1 I .3) tor the ID-A and ID-B soil. respectively. The less-than-0.02-mrn process 
stream was reduced to average TCLP values of 377 pCi L" (SD=358.5) tlnd 7 12 pCi L1 
(SD=219.2) for the ID-A and ID-8 soil. respeaively. 

D.2.2 RECOMMENDATlONS 
A summary of the tindings of this extensive testing has establishtxl a baseline understanding of the 

FEMP soil-contaminant matrix. as well as the potential elYwtiveness of soil washing crn FEMP soil. 
The primary considerations when determining the effectiveness of soil washing for decontaminating 
FEMP soil must he premised with an understanding of the diversity of 'soil types. contaminant 
concentrations, and the resulting soil/contaminant matrices. The effectiveness of soil washing with 
respect to a reduction in residual uranium mass and mohility. and this extrapc)lation t o  the concept of 
volume reduction. were evaluated h a d  c)n the results from these extensive bench- and pi lot-sde 
studies. 

A hybrid soil washing system h a s  evolved which emphases a sequential extraction prwess that 
incorporates a carbonate based reagent as a primary txtrictant followed hy aq sulfuUiic acid h a d  
secondary extracrion process used on an as-need basis. Using a conservative estimate for the potential 
effectiveness of a hybrid soil washing system. the data indicates that greater than 90 percent of the 
soil can he treated to a residual total uranium concentration of 100 mg kg" or less with a mobility of 
less than 1 mg L' total uranium established through TCLP testing. 

/ 
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D.3.0 TREATABILITY SrUDY APPROACH 

D.3.1 STU DY OBJECTIVES AND EXPERIMENTAL DESIGN 
D.3.1.1 Studv Oh imives 
Study objectives were established so that the performance of soil washing techniques could he 
evaluated on the basis of volume reduction, contaminant removal from individual soil fractions. and 
contaminant removal ftom the wash solutions. These performance objectives were used to determine 
if a particular series of physicalkhemical processes could eft'ectively and efticiently remove 
contaminants from soil. Only selected constituents found during the initial soil characterization in this 
study were targeted a d  followed through the trcatiability study. 

The physical separation and chemical extraction tests were the focus of the bench-scale soil washing 
study. Results from these bench-scale ta ts  are contained in Attachment 1. The test conditions which 
optimize the elticiency with which a radionuclide wa!! extracted from the soil during these bench-scale 
studies were used to detine the operational parameters for a pilot-scale soil washing system. The 
findings from the soil washing pilot-scale demonstration were used to evaluate the potential for soil 
washing to serve as a succtssti~l remedial technology for FEMP soil. 

' 

D.3.1.2 Soil Washinn Exnerimental Dzsicn 
Figure D.3-1 shows the series of treatment stages that comprise the experimental design. This design 
for soil washing incorporated a tiered approach in determining ( I )  the binding association of 
radionuclides and other inorganic and organic chemical constituents within the soil matrix and (2) the 
physical separation and chemical extraction processes necessary for soil washing and wash solution 
(spent extractant) recovery. This design incorporated the two parallel testing phases of physical 
separation and chemical extraction as pan of the Stage I study. selectively separating soil into five 
individual soil size tiactions (19.5 to 9.5 mm. 9.5 to 2 mm. 2 tu 0.053 mm. 0.053 to 0.002 mm. and 

less than 0.002 mm). 

The Remedy Screening-Stage I chemical extraction experiments were designed to examine gross 
effects on the less than 2 mm soil size fraction. The conditions were selected to yield favorable 
results (Le., reagents that have a reasonable probability for success). The conditions chosen were 
high temperature (80°C), high reagent concentrations. and high dose rate (IO: I extraction solution to 
soil). The aggressive temperature and reagent conditions were selected to accelerate the rate of metal 
compound dissolution. The high dose (low percent solids) rate was used to minimize the e t k t s  of 
common ion effect and ionic strength on the dissolution of the desired material. 

Initial screening tests conducted during Stage I studies were used to retine the Stage 11 approach cor 
soil washing. The physical separation tests were used to identify the soil size fractions with which 
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each type of contaminant (e.g.. radionuclides and organic and inorganic compounds) was associated. 
Stage I1 Remedy Screening focused o n  these individual soil size fractions as pan of the test matrix. 
The most effwive washing solutions. determined during Stage I chemical extraction testing. were 
used for washing selected soil size fractions. The effect of extractant concentration and dose rate 
were to be determined. 

I 

A 

Results from Stage II studies deI’nonStrdted the extraction reagents and cimcentrations that were most 
effective in removing radionuclides and other chemical constituents from selected soil size frdctions. 
These results help establish the series of steps during physical separation and chemical extraction that 
are necessary to achieve a particular action level for contaminant removal. Also. the results from 
chemical extraction tats help determine the effectiveness of iterative chemical extractions in removing 
additional contaminants from soil and wash solutions or leachates. The Reinwly Screening results 
were incorporated into the Remedy Selection advance pha!e testing and the pilot-scald version of the 
soil washing treatment system. 

D.3.2 SOlLS USED IN THE SOIL WASHING TREATABILITY STUDY 
D.3.2.1 Initial Selection of Soil 
The Operable Unit 5 soil washiny study requirements included the initial collection and 
characterization of soil used for tredtahility testing. Soil chosen for so.il washing were initially 
selected from three locations that are considered to he representative of the contamination problem at . 

the FEMP. The basic criteria tbr the type of soil seleawl. described in Section 6.0 of the TSWP. 
focuses on three soil with moderate to high uranium contamination. The selection of s o i l  from one of 

treatability testing to address other specitic contamination problems of soil at the FEMP. 

a 
c these locations that also contain other inorganic and organic constituents allowed for soil washing . 

Soil contaminated primarily with radionuclides (specitidly uranium) were noted as “ID” soil. These 
soil were collected as pan of the Uranium in Soil Integrated Demonstration (USID) program. Soil 
contaminated with radionuclides as well as other inorganic and organic chemicals were noted as 
“OUS” soil because they are unique to the Operahle Unit 5 TSWP program. Specitic reference to the 
three soil SekWd for use in this trCdtahility study were given the following soil identitications: 
ID-A, ID-B, and OU5-A. 

The ID-A soil was collected from the incinerator area. The source of uranium contamination in the 
surface soil in this area was incinerator emissions from burning low-level contaminated trash. The 
second soil was collected frqm the Plant I drum storage area and was identitied as the ID-B soil. 
Contaminants in the surface soil of this area were thought to he intrtductxl primarily by runoff from 
the drum storage pad. A complete characterization of the ID-A and ID-B soil is provided in the 
report by Lee and Marsh (1992) and corresponds to the SP9/SPIO and SP3/SP4 soil. respectively. a 

h 

.- 
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The locations of the two ID soil (ID-A and ID-B) selected for soil washing are illustrated in the 
TSWP. 

The Operable Unit 5 (OU5-A) soil's uniqueness is due to the presence of COCs other than 
radionuclides. The source of contamination in Operable Unit 5-A soil is due to operations conductrxl 
at the maintenance building during production operation. The location of this soil is also given in the 
TSWP. Since much of the bench-scale testing conducted on the ID-A and ID-B soil had were 

performed before initiating resting on the OW-A soil. the test program for the OU5-A soil was 

modified to test only the most effective extraction conditions. A description of the experimental 
design for the bench-scale testing of the OU5-A soil is conrdinrxl in Section D.3.3.4. 

D.3.2.2 Initial Analvsis and Characterization of Soil 
Soil from each of the three locations were initially screened. homogenized. and placed into separate 

.SS-gallon metal drums in accordance with Section 6.0 of the TSWP. Each area (approximately 6.2 
by 7.7 m), was tirst prepared by removing all surface vegetation and the upper few centimeters of 
surface soil. The remaining upper 15 to 20 cm of soil was excavated and passed through a 19 mm 
screen to remov? any cobbles. large gravel. and dehris. The minus 19 mm soil was homogenized 
either in a large concrete mixer (ID-A and ID-B) or by shovel (OU5-A) and placed into 55 gallon 
plastic-lined metal drums. These rtxulting 15 and I6 drums for ID-A and ID-B soil were determined 
to be homogeneous with respect t o  particle size distribution and 'total uranium conCentration (Kneff. 
et. al., 1992). The t h e  drums of  OU5-A soil collected were determined to have uniform distribution 
of total uranium and soil panicle distribution. 

' 

After the set of drums for each soil were determined to he homogena)us. a reprlsentative sample of 

soil from each drum was collected and composittxl and hrther homogenized using a stainless steel 
hand trowel. 
5-A) were conducted following collection and preceding treatability testing. A list of the parameters 
tested in this initial baseline characterization is presented in Table D.3-I. This characterization was 
conducted in accordance with guidelines established in Section D.3.0 and Section 6.0 of the TSWP. 
These analyses provided the initial haseline ChardcteriZation of the soil for each location to be used in 
all. subsequent treatability studits The results of this initial characterization are provided in 
Section 4.1. 

Physical and chemical characterization of all three soil (ID-A. ID-B. and Optxible Unit 

The concentration of other inorganic and organic COCs in the soil (termed HSL analyes in the 
TSWP) and the TCLP extrac; were determined for soil during the initial characterization and for the 
resultiog treated soil following the Remedy Selection testing. This was considered necessary to 

address the criteria for targeted action cleanup levels as well ;is the potential applicable Rwurce  
Conservation and Recovery Act (RCRA) guidelines fbr returning treated soil to the site. 
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TABLE D.3-I 

PARAMETERS FOR INITIAL BASELJNE CHARACTERIZATION 

I 

Pes tici des/PCL 

4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Aldrin 
alpha-BHC 
alpha-Chlordane 
Aroclor 1016 
Aroclor 1221 
Aroclor 1232 
&lor 1242 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 
kta-BHC 
delta-BHC 
Dieldrin 
Endosulfan sulfate 
Endosulfan-I 
Endosulfan-I1 
Endrin 
Endrin aldehyde 
Endrin ketone 
gamma-Chlordane 
Heptachlor 
Heptachlor epoxide 
Methoxychlor 
Toxaphene 

Volatile Owanics 

1.1 -Dichlo&ane 
1,l-Dichloroethcne 
1 , 1 , 1 -Trichloroethane 
1,1,2-Trichloroethane 
1,1,2,2-Tetrachlorozthane 
1,2-Dichloroethane 
1,2-Dichloroethene (total) 
1,2-DichloroethyIene 
1,2-Dichloropropane 
2-Butanone 
2-Hexano ne 
4-Methyl-2-pentanone 
Adone 
Benzene 

I 

Bn) modic hiommethane 
Bn) inoform 
Bmmomethane 
Carbon disulticle 
Carhon tetrwhloride 
Chloroknzene 
Chlotozthane 
Chloroform 
Chloromethane 
cis- I ,3-Dichloropropzne 
Dihromochlommethane 
Eth ylhenzene 
Methylene chloride 
Styrene 
Tet rdchlorcxt hene 
Toluene 
Total xylenes 
trms- 1,3-Dichloropropzne 

Semivolatile Ortranics 

1.2-Dichlorobenzene 
I .2,4-Trichloroknzene 
I ,3-Dichlorobenzene 
I ,l-Dichlorobcnzene 
I-Chlomnaphthalene 
2-Chlorophenol 
2-Methylnaphthalene 
2-methyl phenol 
2- N i troanil i ne 
2-Nitrophenol 
2.4- Dichlorophenol 
2.4-dimethyl phenol 
2.4-Dinitrophenol 
1 ,4-Dinitrotoluene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,6-Dinitrotoluene 
3 -Nit rodni I i ne 
3,3'-Dichlorobznzidine 
4-Bromophenyl phenylether 
4-Chloro-3-methylphenol 
4-Chlomniline 
4-Chlamphen y l-pheny l~her 

l-Methylph&A 
4-Nitn)miline 
4-N i trophenol 
4.6-Dinitn~-2-methylphenol 
Acenaphthenc 
Acenaph th y lene 
Anth racene 
Benzoic acid 
&nzo(a)anthracene 
&nzo(a)pyrene 
&nzo(h)t~uordnthene 
&nzo(g .h)pzrylene 
&nzo( k)tluordnthene 
&nzyl alcohol 
his(2-Chloroahoxy)methane ' 

his(2-Chloroeth yl)ether 
bis(2-Chloroisopropyl)~ther 
bis( 2-Eth ylhex y l)phthalate 
Butyl k a z y l  phthalate 
fihazole 
Chrysene 
Dibznzofurm 
Dihcnzo(a. h)anthricene 
Diethylphthalate 
Dimeth ylphthahte 
Di-n-huryl phthalate 
Di-n-octyl phthalate 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroc yclopentadiene 
Hexach loroethane 
InJeno( I .2.3-cd)pyrene 
lsophorone 
Napthalene 
Nitrobenzene 
N-Nitroso-cli-n-propylamine 
N-Nitmsodiphenylamine 
Pentachlorophenol 
Phenanthnme 
Phenol 
Pyerene 



. Inolmnnin 

Aluminum (AI) 
Antimony (Sb) 
Arsenic (As) 
Barium (Ba) 
Beryllium (Be) 
Boron (B) 
Calcium (Ca) 
Cadmium (Cd) 
Chromium (Cr) 
Cobalt (CO) 
C p p p r  (CUI 
Cyanide (Cn) 
Lead (Pb) 
Magnesium (Mg) 
Manganese (Mn) 
Mercury (Hg) 
Molybdenum (Mo) 
Potassium (K) 
Nickel (Ni) 
Selenium (Se) 
Silicon (Si) 
Silver (A@ 
Sodium (Na) 
Thallium (TI) 
Vanadium (V) 
Zinc (Zn) 
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TABLE D.3-I (Continued) 

Cesium- 137 
Neptunium-237 
Plutonium-238 
Plutonium-239/244l 
Radi um-224 
Rad ium-226 
Radium -228 
Ruthenium- 106 
Strontium-90 
Technetium-90 
Thorium-118 
Thorium-230 
Thorium-131 
Uranium-134 
Uranium-235/236 
U mnium-23 8 
Gross alpha 
Gross beta 
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Soil to he used in bench-scale t s t s  were removed from drums and transferred to five 5-gallon metal 
containers (approximately 23 kg of soil per container) and shipped to an IT Corporation 1ah)rdtory in 
Oak Ridge, Tennessee for treatability testing. Because the soil contained in these drum was prgaral  
in a manner representative of the hulk preparation of soil quantities in excess of IO00 kg. there was a 

need to further prepare the small quantities of soil sent to the labratory before use in bench-scale 

tests. 

D.3.2.3 Lahoratorv Prenaration and Initial Analvsis of Soil 
The initial procedure for preparing soil received at the lahoratory is illustrated in Figure D.3-2. 
Approximately 50 kg (two 5-gallon containers each) of ID-A and ID-B soil were air dried for 
48 hours and periodically stirred to ensure even drying. The soil was physically attenuated to break 
up large aggregates. Approximately 125 g hatches of each soil were dry sieved through a stack of 
9.5 and 2 mm Tyler stainless steel sieves for 30 minutes on a Ro-Tap shaker. The resulting three 
sample fractions (19 - 9.5 mm. 9.5 - 2 mm. and Ims than 2 mm) were then placed in separate plastic 
containers. Each container was then placed on a rotating jar mixer for 30 minutes and emptied into a 

4.75 mm sample splitter. Each sample was split. recombined. and placed back into the plastic 
container to ensure that each fraction was homogeneous. This procedure ensured that the total 
amount of each soil to he used for the initial analyses and during the various stages of testing had 
relatively the same textural composition and total uranium concentration. The rzmaining three 
5-gallon containers (approximately I00 kg) of soil were retained as "whole soil." . 

21 

n The whole soil and the jess than 2 mm size fraction were analyzed for homogeneity. Six aliquots 
from each soil were analyzed for total uranium hy ion chromatography (IC). The less than 2 mm soil 
size fraction was used for the Stages I and 11 bench-scale tests. The whole soil (less than 19 mm) was 

used in Stage 111 testing. A grain size distribution analysis was conducted on the less than 2mm size 

The percentages of sand, silt, and clay were 23. 62 and 15 percent for ID-A soil and 27. 57 and 
16 percent, respectively, for ID-B soil. 

- - -' 
3 

-< 

fraction according to American Society for Testing and Materials (ASTM) D422-63 (ASTM 199 I ) .  2h 

.. 
'S 

D.3.2.3.1 Total Uranium Analvsis hv Ion Chromatooranhv (IC) 
Uranium analysis for solid and liquid samples were pert'ormed using a nitric acid digestion procedure 
followed by IC analysis using high performance liquid chromatography (HPLC). The HPLC 
incorporated a Perkin Elmer 204-S tluorescence detector /set at 5 15 nanometers (nm) emission 
wavelength) preceded by a Dionex HPLC-CG2 exchange resin. A 0. I molar (M) phosphoric acid 
solution was used as the eluant. Soil to he analyzed were oven dried at 105°C for 12 hours hefore 
digestion. Soil digestion was performed on approximately 0. I grams samples using I mL of 
concentrated nitric acid (HNO,). Liquid digestion was performed on 1 mL aliquots of sample. Each 
sample was heated on a hot plate at 160°C until all moisture was gone. and then hated in a muffle 

0-3-7 



Soil 

Air Dry 

1 

@ , S . l @ ~  Rotating - 
Jar Mixer 

Physical 
Attenuation Y 

Sample 1mm0.063mm - 
Splitter <0.063-0.002 mm - 

Dry Screen 

8 . 6 m m  - 

DRAFT 
FINAL 

I 

-o 

- 
I m m ~ 0 . 0 6 3 m m  - 

2 m m  Is.lmm, Rotating Sample Initial --c 
Jar Mixer .--) Splitter - 

FIOURE D.3-2 - INITIAL PROCEDURE FOR PREPARING SOILS RECEIVED AT THE 
LABORATORY PRIOR TO INITIATING BENCH-SCALE TESTING 

- * -  
I mm.0.063 mm 

<0.063-0.002 mm < I  mm Sample Initial Rotating 
* Jar Mixer - Splitter * <O.Oo?mm - - 

laachnto 

I 
i 

- 

- 
r 

* Sample 
Analyses 



FEMP-OSFS-5 DRAFT' FINAL 
March22. 1955 

furnace at 550°C for 15 minutes to remove nitrates or organics. This process was repeated until all 
residue was gone or no longer changed color. Digested samples were wold and hrouyht into 

solution with 1 mL of 25 percent HNO? and 19 mL of 0.2 percent phosphoric acid (H,PO,). Each 
solution was sonicated for 30 minutes at 59°C before analysis. 

, D.3.3 BENCH-SCALE TESTING 
D.3.3.1 Phvsical Senaration Tests 
D.3.3.1.1 Test Ohiectives 
The initial objective of physical separation testing was to characterize the soil/contaminant matrix 
relative to particle size distribution and the level of uranium (the radiological contaminant) associated 
with individual4soil she ftactions. As pan of this initial stage in the soil wishing bench-Scale 
treatability study, basic physical separation techniques were tested to derive the level and tenacity of 

the soikontaminant association. A szcond ot$ectivz was to evaluate chemical dispersants and their 
effectiveness in aggregate dispersion and uranium extraction. The third and tinal oh.jtx-ive was to test 

a combination of physical and chemical treatments in order to define the best dispersant and physical 
separation parameters for removing uranium from the two test soil. 

D.3.3.1.2 Chemical Disnersant/Extrxtant Tests 

ID-A and ID-B Soil 
Four dispersing reagents md potable water were tested to determine their effectiveness in: ( I )  
detlocculating soil aggregates into single grain separates and (2) removing uranium from the resulting 
soil fractions. The dispersants were 1 millimi~lar (mM) solutions of sodium carbonate (Na,CO,). 
sodium bicarbonate (NaHCO,)? sodium hydroxide (NaOH) and a sodium citrate/bicarhonate/dithionite 
(CBD) mixture (Lee and Marsh 1992). Potable water was used for making all dispersant solutions. 

The less than 2 mm size fraction of ID-A and' ID-B soil (250-g samples) were reacted in a 2 liter (1) 
flask with 500 mL of a 1 mM Solution of each dispersant. Each sample was agitated at low sped  on 
a shaker table for 30 minutes before sieving. The slurry was transferred to a stack of Tyler stainless 
steel sieves (9.5 mm. 2 mm. and 53 pm). The sieves were completely swltxl and the slurry was Ro- 
Taped for 1 hour. The soil on each sieve was collected and dried at 105°C and analyzed for total 
uranium. 

The dispersing solution and the less than 53 pm soil slurry were collected. This slurry was subjected 
to a moditied version of the M.L. Jackson procedure (Jackson 1975) using centrifugation for 
separating silt (2 - 53 pm) from clay (less than 2 pm) and clay from the Solution. Sufticient 
dispersing solution was initially added to the less than 53 pm slurry tu make a tinal 18OO-ml; volume 
for each dispersantlsoil slurry. While being agitated on a stir plate, 100-mL aliquots of the slurry and 
100-mL of dispersing solution were placed into 250-mL centrifuge tubes. shaken. and centrifuged k 
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800 revolutions per minute (rpin) for seven minutes. The time and speed were calculated from.Stokes 
law in integrated furm. which y i e k  time needed for sedimentation under centrifugal acceleration ft)r 
a given particle diameter. . _  

The supernatant, dispersant solution. and IGSS than 2 pm soil were decanted into a 2-L beaker 
following centrifugation. The solids were resuspended by adding more dispersing solution, shaken. 
and centrifuged. This process continued until the supernatant appeared clear (approximately 
5-6 tim&). The  tinal 2-53 pm soil fraction remaining in the centritbge tube following this procedure 
was slurried with potahle water and dried at 105°C. The combined supernatants (less than 2 pm s o i l  
SIUKY) were centrifugal at 3000 rpm for 60 minut& to separate the tinal soil size fraction from the 
dispersing solution. The resulting two soil size fractions (less than 2 pm and 2-53 pm) were d y z t d  
for total uranium. 

D.3.3.1.3 Attrition Scmhhino Tmts 
The  ID-A and ID-B soil were subject to attrition scruhhing testing using a modifid Hamilton Beach 
mixer (Figure D.3-3). The 13.000 rpm mixer was modit id  hy replacing the single agitator propeller 
with two oppositely pitched propellers placed approximately 5 to 7 cm npan o n  the mixer shalt. 
During operation. the top blade torces sample down and the h t t o m  hlade forces sample up. causing 
an attriting action of the soil panicles with each other. 

Three dispersant solution and potahle water were tested on hoth soil to determine their effectiveness 
in removing uranium from the less than 2-mm soil size fraction. A NqCOJNaHCO, solution, an 
ammonium carbonatdammonium bicarbonate solution (NH,),CO,/(NH,)HCO,, a sodium 
pyrophosphate (Na,P20,), and potable water were used in the attrition scrubbing tkts. The 
ammonium and sodium carbonate solutions were tested at a 3:1 ratio of carhonate to bicarbonate. 

All three dispersant solutions were t t s t d  on hoth soil at three concentrations (0. I M. 0.25 M. and 
0.5 M) and three attrition scruhbing times (5. 15. and 30 minutes). A 1:2 ratio of a i rdry soil w 
dispersant solution was used. The pH of the slurry was measured at the completion of the attrition 
scrubbing time. The soil slurry was transferred onto a 53 prn s h e  with lid and collection pan, 
completely sealed, and shaken for 30 minutes on the Ro-Tap shaker. The greater than 53 pm fraction 
was then washed on the sieve with potable water and dried at 90°C. The less than 53 pm soil slurry 
was transferred to 200 ml centritbge tuhes and centritbged for I hour at 2500 rpm. This 
centrifugation separated all the d i d s  greater than 0.12 fim fcom the liquid. The solids were weighed 
and analyzed for total uranium. 
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D.3.3.2.1 Test Ohiectives 
The chemical extraction tests were deigned in stags to selectively and sequentially investigate certain 
aspeas of chemical extraction. SuccesstLl results from each stage of testing were transferred to 

subsequent stages of testing to further retine the use of chemicals for extraction of uranium from the 
soil. The initial objective of the tirst stage of the chemical extraction tests was to evaluate the 
effectiveness of various types of acids. bases. chelants, and salts in removing uranium from each soil. 
The second objtmive, Stage II  testing. was to se1a.x the most succssful chemical reagents from Stage 
1 and evaluate the effect of reagent concentration on chemical extraction. The tinal objective. Stage 
111 testing, was to evaluate the effects of temperature. reaction time. and dose rate (extracting solution 
to soil ratio), using the lowest successtLl concentrations of extraction reagents from Stage 11. 

D.3.3.2.2 Stage I: Initial Screening of Chemical Extractants 
Twelve chemical reagents were tested on the ID-A and ID-B soil in this stage of the study. This 
stage of testing is illustrated in Figure D.3-4. The chemicals tested (shown in Table 0.3-2) ranged 
from concentrated inorganic acids to salt solutions. The chemical extractants and corresponding 
extracting solution concentrations included: 1 : I aquew,us concentrations of concentrated sulfuric. 
hydrochloric, nitric. and phosphoric acids: 60 g/20 y per liter concentratiuns of sodium 
carbonate/sodium hicarbonate and ammonium surhonate/ammonium hicarbonate: 4.0 N sodium 
hydroxide; 15 percent sodium chloride and 15 percent potassium chloride: 0.5 M ithylene diamine 
triacetic acid (EDTA) at three pH values (6. 8. and IO): IO percent NS I (a proprietary extractant): 
and 10 percent Citrikleen". The extraction equipment used in the study consisted of six IO00 mL 
Pyrex reaction kettles with mechanical stirring (approximately 150 rpm) provided by a moditied 
Phipps & Bird six-paddle stirrer (Figure 0.3-5).  All stirrers had rods and Tetlon" paddles. The 
kettles were heated by a heating mantle which was electrically regulated by a thermocouple and 
controller. Vapor losses from the kettles were minimized by placing a condenser and a Tetlon gasket 
between the top and bottom sections of  the kettles. Vacuum tiltration was performed using a 
Specmum Mesh Filtration unit with a 20 to 25 micron glass tiher tilter. 

. .  

Approximately 50-g aliquots of homogenized soil were reacted with each extractant in a 10: 1 (wt:wt) 
ratio of extracting solution to soil. The soil and extractant solution were reacted in the heated kettles 
for 4 hours at 80°C. At the conclusion of the reaction time. each soil slurry was tiltered to separate 
the spent extracting solution from the soil solids. The spent extractant was collected for analysis. 
The sdil solids on the tilter (tilter cake) were reslurried with 200 mL o f  deionized water and tiltered. 
This was to reduce the residual extractant concentration and remove additional uranium remaining in 
the filter cake. The rinsate solution and extracted soil solids were collected sepparately for analysis. 
The extracted &lids, extractant solution. and rinse water were analyzed for uranium hy IC. The 
efficacy of each extractant was tfvaluated based on the tinal concentration of uranium in the 
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TABLE D.3-2 

TEST PROGRAM FOR ID SOILS EXTRACTANT SCREENING 

Dose 
(wt extractant Temperature 

E x t r a c ~ t s  Concentration /wt init sample) ( " 0  
Acids/Bases/Salts 

H,4 I : 1  IO: I 80 

HCI I: 1 10: I 80 

H NO? 1 : 1  IO: I 80 

%PO, 
NaCO, 

NaOH 

pH 8.00 

pH 10.00 

NS 1 

Citrikleen 

I :  1 IO: 1 80 

a/20 (g/L) 1O:l 80 
4.0 N IO: I 80 

60120 ($/L) IO: I 80 

15% 10: I 80 

15% IO: I 80 

0.5 M 10: I 80 . 
0.5 M 
0.5 M 

1 : l O  

1 : l O  
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extracted soil solids. and the calculated percent removal of uranium during the extraction process. 
The percentage of uranium removed was calculated by summation of solids, spent extractant. and 
rinse water. All tests were run as single replications and no statistical analysis was pertormed. 

D.3.3.2.3 &we 11: Screenine of Selected Extracranpj 
Stage I1 testing incorporated the most effective chemical extracti ts  from Stage I testing. n r e e  
inorganic acids, sulhric, nitric, and hydrochloric. were selected to further evaluate their effectiveneu 
in removing total uranium from the ID-A and ID-B soil. Each extractant was tmttd at tive 
concentrations to determine the lowest concentration of extractant that could he used without 
significantly diminishing the amount of total uranium removed from the extracted solids. 

~ 

. Sulfuric acid was tested at 0.2. 1. 2. I2 and 18 (1: I )  normal (N); nitric acid at 0.1. 0.5. 1. 5.3, and 
8 ( 1 : l )  N: and hydrochloric acid at 0. I .  0.5. 1. 4. 6 (I: 1)  N. The extraction time (4 hours), 
temperature (8OOC). and dose rate ( IO: I wt/wt)) were keqt the same as in Stage I testing. The 
extraaion apparatus and methtdology were the same as used in Stage I testing (see Figure D.3-6). 
All tests were run as 
single replications and no statistical analysis was performal. 

D.3.3.2.4 Stape 111: Time. Temherature. and Concentration Study 
Two of the inorganic acids tested in Stage I1 were w r i e d  over to Stage I11 and tested on both the 
ID-A and the ID-B soil. Stage I11 testing was designed to evaluate the etYects of extractant 
concentration, temperature. dose rate. and extraction time on  the amount of total uranium removed 
from the extracted solids. Sulttric acid and nitric acid were tested at I and 2 N concentrations. Each 
concentration of acid was tested at 1: I and 7: I dose rates (20 and 12.5 percent solids respectively). 
two extraction times (0.5 and 2 hours) and two temperatures (amhient (approximately 20°C) and 
40°C). The test design consisted of a four by four matrix inwrpordting the two levels of each of the 
four variables. All tests were run as single replications and no statistical analysis was performed. 

D.3.3.3 Staee 11: Phvsical Senaration and Chemical Extraction Tests 
D.3.3.3.1 Test Ohiectivs 
,The objective of this stage of testing was to comhine the most fdvorahle conditions tiom physical 
separation and chemical extraction testing into a s.quential prius and test its efticacy in removing 
uranium from soil: The testing of the comhind process (physical separation and chemical extraction) 
was performed on dried "as received" soil. Since this stage of  testing incorporated the use of a 
Denver Equipment Company (DECO) attrition mill (see Figure D.3-7), an initial test was conducted 

, .?.I 

35 
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to compare the use of a Hamilton Beach mixer with a DECO anrition mill and the effe~xs of the two 
different mixing speeds on uranium cmcentration of hoth the ID-A and ID-6 soil. 

D.3.3.3.2 Exnerimental Ds ien  
Comnarison Test 
ID-A and ID-B soil were attrition scrubbed in both a Hamilton Beach mixer and a DECO attrition 
mill. The Hamilton Beach and the DECO mixers operate at 13.000 and 900 rpm, respectively. A 
2: 1 slurry was made by adding 200 g of dry less than 2 mm soil to 400 g 0.25 M N+COJ NaHCO, 
solution. 

Each soil slurry was mixed for 5. 15. and 30 minutes. The slurry was transferred to a Ro-Tip shaker 
to separate out the gra te r  than 53 pm soil fraction. The less than 53 pm soil slurry was transferred to 

centrifuge tubes for phase separation. The greater than and less than 53 p m  size fractions and the 
spent carbonate extractant were analyzed for total uranium. 

Combined Test 
The combined physical separation and chemical extraction test is illustrated in Figure D.3-8. 
Approximately 200 grams of "as received" ID-A and ID-B soil were attrition scrubbed with 
400 grams of 0.1 M Na,C03/NaHC0, for 15 minutes using the DECO attrition mill. The soil slurry 
was dewatered by centrifigation at 2500 rpm for 88 minutes. The liquid was decanted and the soil 
sampled and analyzed for total percent water. uranium by IC, and metals by ICP. The liquid and soil 
were analyzed for total uranium and metals. The remaining soil solids were divided into two 
approximately equal soil masses and subjected to chemical extraction. All attrition scrubbing tests 
were conducted in duplicate. 

Each soil sample was extractdd at a 4: I and 7: I extrictant-to-soil ratio dose rate with 1 N sulfuric 
acid at 40°C for 30 minutes. Following extraction. the smples were c e n t r i ~ g d  at 2500 rpm for 
88 minutes. The resulting liquid was decanted off and the soil was dried at IOO'C. The liquid and 
soil were analyzed for total uranium and ICP metals Wable D.3-3). 

D.3.4 PILOT-SCALE TESTING 
D.3.4.1 Phase I: CRUS Soil Wuhinrr Demonstration Tests 
D.3.4.1.1 Test Obiectives 
The intent of this Remedy Selection stage of testing was to demonstrate and evaluate the effectiveness 
of a soil washing process on two F,EMP soil. The soil washing pilot plant's design and operation was 
based on findings from initial soil characterization efforts as well as extensive bench-scale testing. By 
demonstrating bench-scale tindings on a pilot-scale system. this CERCLA/RCRA Unit 5 (CRUS) 
coordinated demonstration could be used to evaluate the performance effectiveness and cost 
effectiveness of a pilot-scale soil washing system for remediating FEMP soil. 
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TABLE D.33 

ICP MEI’ALS ANALYZED FOR DURING COMBINED PHYSICAL SEPARATION 
AND CHEMICAL EXTRACTION TESTING 

Silver ( Ag) 

Aluminum (AI) 

Arsenic (As) 

Boron (B) 

Barium (Ba) 

Beryllium (Be) 

Calcium (Ca) 

Cadmium (Cd) 

Copper (Cu) 
Iron (Fe) 
Potassium (K) 

Magnesium (Mg) 

Manganese (Mn) 

, 

Molybdenum (Mu) 

Sodium (Na) 

Nickel (Ni) 
k d d  (Ph) 

Antimony (Sh) 

Thorium (Th) 
Thallium (TI) 
Uranium (U) 

Vanadium (V) 
Zinc: (Zn) 

. -  
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D.3.4.1.2 Eauinment Used in the Soil Washing Pilot Plant 
The soil washing pilot plant was designed and wnstruawl of standard processing equipment common 
to the mining industry. Equipment u s 4  in the soil washing system consisted of a conveyor. trommel. 
vibrating screen deck. attrition scrubber. centrifuge. tilter press, holding tanks. and reactor vessels. 
The following is a brief description of each piece of equipment. A more detailed description of this 
equipment is provided in an internal report by the FERMCO Treatability Group. "Operational . 
Procedure Report for the Femdld Soil Washing Pilot Plant Demonstration: Phase I." 

Drum Handling Station and Convevor - The drum handling station consisted of a drum handler and 
hoist to raise, lower. and move drums. Calibrated scales were used to record the weight of each 
drum, before and after the soil was loaded onto the conveyor. The conveyor trdnspond 
contaminated soil t h m  the drum emptying area to the trommel screen. The u)nveyor ww rated at a 
maximum capacity of 160 tons per hour (tph) with an incline of apprr)xiwely 15 degrees. 

Trommel Screen with Hirrh Pressure Snraver - The'trommel screen WLX a rotating drum screen with 
4.75 mm screen openings. Litier bars were used. to assist in braking down soil aggregates. A 
spray bar was oriented along the inside top of the trommel co distribute the high pressure water !? 

a [ 1,OOO pounds per square inch (psi)! along the entire horizonal length of the rotating drum. 

Vibrating Screen Deck - The mtditied Best duel screen deck used vihrational and iscillating forces to 2, 

separate soil by panicle site. The bi-level deck consisted of a tup 2 mm (IO mesh) stainless steel 
screen and a bottom 0.3 mm (50 mesh) stainless steel screen. The deck W;LF tilted 0.25 inches from 
front to back along the 60-in length. 

Centrifuge - The Hysep Decanter MD43 horitonal duel-scroll centrifuge generated a maximum of 
3000 gravity @) force. The centritirge. consisting primarily of a bowl and scroll. used differential 
speeds between the bowl and scroll to separate liquids from solids. 

Attrition Scrubher - The attrition scrubber unit consisted of two 0.5 cubic fcwt cells in series. Each 
cell was equipped with opposed axial tlow impellers (one at 100 percent pitch and the other at 
150 percent pitch). which ran at low rpm. This differential in pitch resulted in a high impact zone 
between the propellers. creating an intense multiple grain-to-grain contact. The low rpm minimized 
any shearing action by the impellers on the soil particles. 

Filter Press - The SP JWI plate and frame tilter press had 6 cubic feet total volume capacity with a 
3000 psi hydraulic closing mechanism. The unit consisted of twenty 0.3 cuhic-tiwt chambers with 
polypropylene filter cloth-lined plates. 

080208 
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Processing Tanks - Most processing tanks were polyvinyl chloridg (PVC) cone-boaom tanks with 
0.25 inch thick tiherglass reinforced plastic (FRP) encasement. Tanks ranged in capacity from 50 to 

I 

500 gallons. 

Chemical Extraction Reactor Vessel - The chemical extraction vessel was a glass-lintxl. closed-top. 
jacketed reactor. The working capacity was 500 gallons with a gross capacity of 578 gallons. The 
jacket capacity was 1 10 gallons with a heating area of 80 square feet. The reactor was equipped with 
a three retreat agitator. 

Process Pumns 
The majority of transfer operations used Wilden air driven diaphragm pumps. Aluminum pumps with 
Buna N diaphragms were used ti)r the physical tridtment: KynaP pumps with Tetlon" diaphragms 
were used for the  chemical treatment. Three different models. the M3. the M-8. and the M-15. were 
available in aluminum. while only the M-4 and M-8 were manufactured from KynaP.  Additional 
pumps used in the system were the Goulds model NPE centrifugal pump. a Pacer centritbgal pump. 
and a Mastertlex B/T peristaltic pump. 

Agitators/Mixers 
Nettco mixers were used for al l  of the 500-gallon tiinks except for the reactor vessel. The mixers 
were equipped with 1/2-hp iiiotors. I inch d imeter  shahs. and three-hlade prc)lwllirs ( 10.5 inches in 
diameter). Propeller speed WILS 350 rpm. All tanks smaller than 500 gallons were equipped with 

portable Ligthnin mixers. These mixers are geardriven models having impeller diameters of 
11.2 inches. 

D.3.4.1.3 Chemicals Used in the Soil Washing Pilot Plant 
Aqueous reagent formulations of sulfuric acid and sodium carhonate/soclium bicarbonate were used in 
the washing solutions for the extraction of uranium from the ditYerent soil site fractions. 
Concentrated sulfuric acid was metered into the extraction vessel containing a soil-water slurry to 
'achieve a 1 N acid extraction solution. Sodium carbonate/sodium bicarbonate was added in powder 
form to the processing tank during the attrition scrubbing part of the soil washing process. Twenty 
percent sodium hydroxide was added to spent sulfuric acid solutions to precipitate metals from the 
spent extraction solution. A Betz 1147L polymer was used at a O S  percent concentration to aid phase 
separation during the centrifigation of the soilkacid solution following the chemical extraction process. 

D.3.4.1.4 Soil W a h i n e  Svstem Desien and Oneration 
The soil washing system design. a wllahorative &ort hetween IT Corporatiun and FERMCO. is 
illustrated in Figures D.3-9 through D.3-12. The system incorporated a combination of physical 
separation and chemical extraction processes for removing contaminants (primarily uranium) from 

! 
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FIOURE D.3-9 - 3-DIMENSIONAL COMPUTER MODEL OF 
THE SOIL WASHING PILOT PLANT - VIEW 1 



. .  

I- 
FIOURE D.3-10 - 3-DIMENSIONAL COMPUTER MODEL OF 

THE SOIL WASHING PILOT PLANT - VIEW 2 



FIGURE D.3-11 - 3-DIMENSIONAL COMPUTER MODEL OF 
THE SOIL WASHING PILOT PLANT - VIEW 3 



b 

FIGURe D.3-12 - 3-DIMENSIONAL COMPUTER MODEL OF 
THE SOIL WASHING PILOT P L k  - VIEW 4 
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FEMP soil. The physicalkhemical treatment processes initially separated the soil into different 
particle-size fractions and then used physicochemical extraction techniques to remove wntaminants 
from each size fraction. 

The p r o w s  tlow for the system was de!ignd to treat soil that had heen prescrwnd through a 
19 mm screen. A representative process tlow diagram (PFD) for the soil washing pilot plant is- 
shown in Figures D.3-13 and D.3-14. The system was operated in hatch mode during pilotscale 
testing. A single 55-gallon drum of soil was processed through the system for each run of the entire 
process. Specific PFDs for each run are given in an internal repon hy the FERMCO Treatability 
Group, ‘Operational Procedure Report for the Fernald Soil Washing Pilot Plant Demonstration. “ 

Soil was introduced into the system hy transferring soil by hand from the drum onto the conveyor. 
This soil was conveyed to ;i trommel where high pressure water was used t o  hrlak down soil 
aggregates in individual discrete gravel and soil particles and to remove clay particles from the 
surface of larger particles. The high prlssure sprdyef was maintained at a maximum pressure of 
1,OOO psi and 4 gallons per minute (gpm) tlow rate. The retention time in the trommel. wnsiderwl 
critical for proper aggregate dispersion and clay removal from the larger panicles. was ccontrollrxl hy 
the rotational s p d  and angle of the trommel. Optimum conditions were 4 rpm at an angle between 
1 and 2 degrees decline. High pressure water injected into the trornmel was directed at the soil as it 
rolled up on the inner rotating screen and out of the slurry o n  the hottom of the trlimmel. This 
maximized direct contact of the spray with soil aggregates and minimized my hutiering effect due to 
the pooling of water on the hottom of the trommel. The oversize gravel fraction (greater than 
4.75 mm), predetermined to constitute less than 5 percent of the initial soil mass. was discharged as 
the first process stream ( P S I ) .  

The undersize tiaction passed through the trommel screen and was c d l w t d  in a moditid covered 
bowl pump, where it was transferred via a Wilden K y n d p  M-8 diaphragm pump and 2 inch 
polypropylene SuperVac vacuum hoses as a slurry to the vibrating screen deck. Since the vibrating 
screen deck was not completely covered. the slurry was pumped t o  the screen deck at the slowest rite 
possible to avoid any splashes or spills. The air supplied (120 psi regulated) to the diaphragm pump 

1 was maintained below 20 psi. 

The vibrating screen deck was designed with two decks of screens to produce three size fractions. 
The first 2 mm screen ( I O  mesh) retained the 4.75 to 2 mrn soil size fraction. n e  second 0.3 mm 
screen (50 mesh) retained the 2 to 0.3 mm soil size fraction. The less than 300 gn slurry was 
collected below in a 500 gallon tank. Although the screens were removable and a dilTerent set of cuts 

could have been made, the selected cuts were considered optimum to enhance process operations. 
The 2 mm screen kept the lower 0.3 mm screen from blinding during the screening process, while the 

FWOUSFSIAEMIAP~DIX DlMaarrb21. 199s 1l:lJlun D-3-28 
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FIGURE D.3-13 - A PROCESS FLOW DIAGRAM FOR THE PHYSICAL SEPARATION 
OPERATIONS IN THE SOIL WASHING PILOT PLANT 



FIaURE D.3-14 - A PROCESS FLOW DIAGRAM FOR THE CHEMICAL EXTRACTION 
OPERATIONS IN THE SOIL WASHING PILOT PLANT 
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0.3 mm cut was determined to he the maximum particle size obtainable during operation and also 
provided ware protection to the centrifuge from marse particles. The deck was tilted 0.25 inches 
from front to back to allow the material to tlow gravimetrically off the screen. This angle dso 

provided enough retention time for effective separation of the material. This resulting soil fracrion 
(4.75 to 0.3 mm) was collected and later combined with the solids from the centrifuge process before 
processing through the attrition scrubber. 

The objective of this design was to operate the centrifuge to ohtain a 20 pm soil particle size cut. 
Two process streams were generated during this parr of  the process. The solids (estimated to be 
approximately 65 percent solids) from the centritiige were estimated t o  contain soil panicles in the 
0.02 to 0.3 mm site range, were transferred to the attrition scruhhing pan of the process. The 
centrate [soil-water slurry (ca. 5 to 10 percent solids)l resulting from the centrifugation process was 
estimated to contain the less than 0.02 mm soil panicles and was pumped directly to the chemical 
extraction reaction vessel for acid extraction. 

The less than 0.3 mm soil slurry was pumped to the Hysep Decanter MD43 centrifuge at an about 
5 gpm tlow rate where the soil-water slurry was subjected to phase separation. The centrifuge 
provided continuous separation in a horizontal howl which contained a douhle decanter system. From 
the center fd -p ipe .  the slurry was fed into the inner decanter where the initial separation and 
thickening of the slurry took place. Thickened slurry was then passed to the outer decanter where 
liquid and solids were separated. Solids scrolled out through the dry wlids outlet and the overtlow 
flowed back to its own outlet. During pilot plant operation. the centrihge was contigurwl to provide 
a bowl speed of 2041 rpm and a scroll speed of 2056 rpm at a differential of 15 rpm with 1 lOOg 
force. 

, 

A 20-pm particle size separation using the centrifuge was a critical pan of the design. First, soil 
separates greater than 20 pm are silt and sand particles. The attrition scruhher operites optimdly on 
particles in the sand fraction (greater than 50 pm). while clay particles (less than 2 pm) have a 
tendency to buffer the attriting action. The silt panicles (2 to 50 pmj which fall hetween the clay and 
sand particles in size but physically rmemhle the .sand particles since they don't have a lattice 
structure like clays, were thought to behave like sand particles with respect to attrition scrubbing. 
Second, since uranium contamination was characterized to partially exist as oxide coatings on the 
coarser particles. attrition scruhhing with carhonate additives was considered to he the optimum 
method for surface removal. Third. since less than 15 percent of the soil solids were g ra t e r  than 
300 pm and in order to justify an attrition scrubhing step in the soil washing process. a more 
signiticant mass of soil naedkl to he directed to the attrition scrubber. By producing a panicle size 
faction greater than 20 pm, approximately 50 percent of the soil could he direcwl to the attrition 
scrubber. Fourth, since the attrition scrubber operates optimally in the range of 60 to 70 percent 
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solids. the greater than 20 p m  soil size fraction priducal hy the centrihge was dewatered to 
approximately this range during phase separation. 

The 0.02 to 0.3 mm soil from the centrifuge was combined with the 0.3 to 4.75 mm soil from the 
screen deck. . This 0.02 to 4.75 mm size fraction. consisting of about 50 to 70 percent solids. was fed 
to the attrition scrubber. The solids were loadd into a feed box at the top of the first cdl. t l owd  
@om the bottom of the first cell to the second cell. and exited at the tvp of the second cell through a 

flanged opening. Soil was fed in batches to allow a 15 minute retention time per cell. The solids 
overtlowed into a 500-gallon tank. This first attrition scrubbing cycle did not contain sodium 
carbonatehicarhonate. Once through the attrition scrubber, the solids were repulped in the 
500-gallon collection tank using a 0. I M stdium carbonate/hicarhonate solution. This rqulping 
process with warer fdcilitated slurry pumping and sodium carh)nate/hicarhonate addition. This sluFry 
was dewatered using the combined screen deck and centrifuge. This soil processing combination 
utilizing the screen deck, centrihging, and attrition scrubher was reputed three times during each 
run. Sodium carhmate/sodium hicarhnate was adtlal during the first and second rgulping cycles. 
These solids were repulped with water following the third attrition scruhhing.. This tinal soil slurry 
was transferred to the extraction vessel :ind reacted with concentrated sulfuric acid in a I N solution , 

for one hour at 40°C. Although sonic: residual sodium ~arhc)nate:/hic;lrhi)nate remained in the soil 
slurry before acid extraction. sufticient concentrated sulhric acid was metered into the extraction 
vessel (based on an estimate of the total volume of slurry in the'extrwitin vessel) to achieve a 1 N 
solution. 

Following the tinal extraction process step for this 0.02 to 4.75 mm size fraction. the slurry was 
transferred to the centrifuge for a tinal dewatering step. 
entered the centrifuge to enhance tlocculation of the suspended particles and aid in phase (solid-liquid) 
separation. Polymer tlow rates varied from approximately 0. I to 0.5 gpm during the 5 gpm extra~qed 
soil slurry flow rate. 

Polymer was added as the soil slurry 

The centrate (containing the less than 0.02 mm soil size fraction) initially coming off the centrifuge 
was pumped directly to the rWiL?or vessel. Concentrated sulfuric acid was maered- into the reactor 
vessel to achieve a 1 N HSO, solution. The slurry was reacted for one hour at 40°C. This process 
stream was estimated to contain approximately 30 percent of the initial soil mass. Following the 
extraction step. the slurry was pumped though the centrifuge for phaw separation. Polymer was 
metered into the slurry as it entered the centrihge tu promote tlocculatiim and aid solids separation. 
The solids genkrated during this phase separation were repulpal with water as a rinse cycle and 
processed through the centrifuge again for phase separation. These solids (less than 0.02 mm soil 
particles) were qI1ecm.l as a tinal treated soil process stream. The centrate resulting tiom hoth 
centrifugation steps was collected and pumped to a precipitation ructiim vessel. 

OOOZ$8 
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The spent acid extraaant and spent rinse water were precipitated with a 20 percent NaOH solution. 
The NaOH solution was metered into the precipitation vessel so that the precipitation process was 
performed in three stags:  at pH values of 4.5. 7.5. and 9.5. Continuous agitation was conducted 
during the NaOH addition. The tinal solution was allow to stand for 24 hours. The supernatant was 
pumped from the tank and collwttd. while the solids were pumped to the tilter press and dewatered. 
The tiltrate and tilter cake wer! collected. 

J 

s 

b 

D.3.4.1.5 Anahtical Sunnort a 

Analytical support was carried out on two levels during the operation of the soil washing pilot plant. V 

by contracxed laboratories. 
In-house analyses were conducted by the FERMCO laboratory and outside analyses were conducted IO 

- 
.. 

In-house analysts were directed at tracking soil mass and total uranium (the target analyte) throughout 
the soil washing process operation. This soil mass and uranium miss tracking supportal the detailed 
description of process operations by mas halancing each run of wil through the soil washing pilot 
plant. Total uranium was determined by the BrPADAP methtd. In addition to total uranium. pH. 
percent solids, and percent moisture were determined Juring many of the process operations. 

Each run of soil through the soil washing system generated six primary process streams. 
process streams included four processed (treated) soil. solids. a residue. and spent *extractant solution. 
These primary process streams were analyzed by a Contract Latroratory Program laboratory to 

provide specitid analytical support level (ASL) analyses of tinal process streams for all COCs (Table 

only radionuclides, inorganic analytes and PCBs were analyzed for in each of the tinal process 

.. 
i4 

15 

;e 

*. I 

I S  

These :* I  

31 

-, .. 
I 

D.3-1). Since no VOCs or SVOCs were determind in the initial characterization (Attachment 11). I 

:4 

Streams.  3 

26 

D.3.5 ADDITIONAL SOIL WASHING PROCESS TESTING FOR OTHER COCS . .- 
D.3.5.1 Test Obiectives -> 

The intent of this additional remedy selection stage of testing was to demonstrate and evaluate the 
effectiveness of a bench-scale simulated soil washing process on additional FEMP soil. The OU5-A 
soil had been the only soil of the three soil initially characterized to contain other COCs besides 

However, the OUS-A soil contained minimal quantities of a .limited number of COCs; 
Therefore, an additional nine soil were collected to test in bench-scale soil washing process. 

\I 

31 

31 

x 

3 

uranium. 
. 

A simulated soil washing process was designed to provide a combination of residence time and 
reactor conditions that would be expected in the actual soil washing process as described in the 
Conceptual Design Report for CRUS. The three original soil and the nine additional soil (AS) tested * 

.3* 

-. 

. .  
. I  . 
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were selected to test the soil. wishing process on a variety of soil containing a range in contaminants 
‘of concern (COCs) at the FEMP. 

D.3.5.2 m r i m e n t a l  Desion and Procedures 
D.3.5.2.1 Location of Additional Soil (AS) for Test irlg 

Nine additional locations .within the FEMP were determined, based to RI,.data. to have soil containing 
other COCs. The following is a list of the soil and the arm within the FEMP .from whikh the soil 
were collected: 

AS-I - Plant 9 (archive sample) 
AS-2 - Plant 2/3 (archive sample) 
AS-3 - Plant 6 (archive sample) - 
A S 4  - Pilot Plant 
AS-5 - Graphite Furnace 

AS-7 - KC-2 Warehouse 
AS-8 - Decontamination and Demolition (D&D) Facility 
AS-9 - Building 77/79 

A S 4  - Paddy’s Run . 

D.3.5.2.2 Prevaration and Initial Characterization of Additional Nine Soil 
The AS-I, AS-2, and AS-3 soil were soil that had been collected Juring RI sampling and archived in 
glass jars sealed with Tetlon” lined caps. Soil for each of the AS samples were combined by location 
and air dried for approximately 24 h. The soil were passed through a 2 mm screen. The grater than 
2 mm aggregates were broken down using a mortar and ptstle and picssd through a 2 mm screen. 
All less than 2 mm soil was combined and homogenized hy the quartering methid. A single aliquot 
of the homogenized less than 2 mm wil was sent to a contracted laboratory for initial characterization 
which included analysis for radionuclides. inorganics (metals). SVOCs. VOCs. PCBs. and pesticides. 
Analytical results are contained in Attachment Ill. 

The AS4, AS-5. AS-6. AS-7. AS-8. and AS-9 soil were specitidly collected from their respective 
location (Section 3.5.2. I )  for this additional bench-scale treatability testing. Exact a r e a  within the 
defined locations were determined according to the procedure described in Section 6.0 of the TSWP. 
Two-foot square areas were excavated to a depth of six inches. The soil was passed through a 
4.75 mm screen and placed into 5 gallon metal buckets. These soil were transferred to the 
laboratory, air dried. passed through a 2 mm screen. and homogenized. The greater than 2 mm 
aggregates were broken down using a mortar and pestle and passed through a 2 mm screen. A single 
aliquot of the homogenized less than 2 mm soil was sent to a contracted laboratory for initial 
characterization which included analysis for radionuclides. inorganics (metals), SVOCs, VOCs, PCBs, 
and pesticides. Analytical results are contained in Attachment 111. - 

a‘ 
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Based on the initial characterization. certain soil were selected for additional testing. These soil were 
seltmed based on two characteristics. Soil that had coral uranium'~uncentrations different than the 
ID-A, ID-B and OU5-A soil were selected to increase of range in uranium concentrations over which 
the soil washing process could be evaluated as to its efiwtiveness in removing uranium. Soil were 
also selected if additional COCs were detec?ed so as to evaluate the etiectiveness of the soil washing 
process on soil contaminated with other constituents besides uranium. The thrw additional soil were 
selected were AS-3, A S 4  and AS-7. The Plant 6 soil (AS-3) was seiecttxl because of the high levels 
of total uranium. The pilot plant soil (AS41 was selected due to the presence of other COC. 
including radionuclides and metals. The KC-2 Warehouse soil (AS-7) was selecm,l because of the 
low concentration of ttml uranium. 

D.3y5.2.3 Simulated Soil Wicshinr! Svstem Test 
The bench-scale soil washing test incorporated a test procedure that W;IS modeld  after the preliminary 
CRUS CDR tlow diagram of the proposed soil washing system. This mock-run of the soil washing 
proce& was designed around selected operational pardmeters that simulated processing condition. 
e.g., temperature. soil to extractant ratio. staging time Juring processing operations. and rinse cycles. 

Sodium Carbonate/Sodium Bicarbonate Svstem 
During the testing of the carbonate simulated soil washing system. GOO g of each soil was combined 
with 1200 mL of a 0.5 M sodium carbonate/sodium bicarhonate'solution in a 2.2 t Tetl in  bottle. 
The soilextractant slurry was shaken for approximately I min. and placed into a cOnstant-temperature 
water bath at 40°C fur 2 h. The bottle was removed from the hath and the slurry mixed using a 
Yamato mixer at low rpm o r  an attrition scruhher for I h at ambient temperature (approximately 
25" C). The bottle was placed back into the water hath at 40°C for 2 h. The slurry was transferred 
to 1 L polyethylene bottles and centrifuged at 2500 rpm for 15 min. The supernatant was decanted 
and the solids repulped with 600 mL of potable water. The slurry was centrifbged at 2500 rpm for 
15 minutes and the supernatant decanted. This rinsing (repulping) procedure was repeated for a total 

of two rinse cycles. 

Sulhric Acid Svstem 
During the testing of the acid simulated soil washing system. extraction. I200 mL of potahle water 
was added to 600 g of soil in a 2.2 L Tetlon honk. The soil-extractant slurry was shaken for 
approximately 1 min. and placed into a constant-tzmpzratur~ water hath at 40°C for 2 h. The bottle 
was removed From the bath and the slurry m i x 4  using a Yamato mixer at low rpm for 1 h at ambient 
temperature (approximately 25"C)., During this stage of mixing, concentrated sulfuric acid was added 
to the sluny to achieve a pH of I .5 to 2.0. The bottle was placed back into the water bath at 40°C 
for 2 h. The sluKy was transferred to i L polyethylene bottles and centrifuged at 2500 rpm for 
15 min. The  supernatant was decanted and the solids repulp4  with 600 mL of potable water. The 

I I. rsx, 
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slurry was centrifuged at 2500 rpm for 15 minutes and the supernatant decanted. This rinsing 
(repulping) procedure was repeated for a total of two rinse cycles. 

D.3.5.3 Eauinment and Materials 
The simulated soil washing system set up in the FERMCO treatability lahoratory. was designed to 
simulate operational pardmetqrs proposed in the PFD for a ~ l l - s c d e  soil wishing system. The . 
simulation focused mostly on reaction time. soi1:extract or soil:rinse water ratios. extraction 
temperature, chemical extractant concentration, and rinse cycla. The equipment used in the 
laboratory testing consisted of 2.2 L Terlon reactor bokls. mnstant-temperature water bath. and an 
International Equipment Company (IEC) Mtdel K centrifuge for solid-liquid phase separation. 

D.3.5.4 Samolinr! and Analvsis 
All analyses were conducted hy a contracted laboratory for a full radiological. inorganic and organic 
Yanalytes. Soil samples collected for initial chardcterit;ltion were sliquotd from the 5-gallon buckets 
containing the homogenized soil from each location. Only one simple was analyzed for the AS-I 
through AS-3 soil. The A S 4  through AS-9 soil were analyzed in duplicate. A single replication wa\ 
analyzed for all extracted soil. 

D.3.5.5 Data Management 
All data from contracted laboratory ana.jses. received by FERMCO. was entered directly into the 

FACTS system following data validation. Validated data was electronically transferred from the 
FACTS to the Sitewide Environmental Datahase (SED). Total data reports and sumiiiary data 
reports, contained in the attachments. are generdtd directly from the SED. 
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D.J.0 RESULTS A N D  DISCUSSION 

D.4.1 INITIAL CHARACTERlZATlON 
Attachments I1 and IV contain the initial characterization results for the twelve soil u s 4  in soil 
washing treatability testing. Table D.4-I lists the 12 soil, acronym identitier. initial total uranium 
concentration, and whether other COCs were present. Figure D.4-I shows the location of the 12 soil 
within the FEMP. Total uranium values were calculatcxl from isotopic U-238 using a conversion 
constant for activity to concentration of 2.98. Total uranium wncentrdtions tiir the ID-A, ID-B. and 
Qperatile Unit 5-A soil are for composite samples taken from the 55-gallon drums. Selected 

and characterized hefore use in bench-scale testing. The ID-A. ID-B. and Operable Unit 5-A soil 
were used in hench-scale testing ccrnclucted at an IT liih0rdtory. ID-A and ID-B soil were ustxl in 

7 

I( 

r) 

$ 

quantities of these three soil were taken from these prepared drummed soil and further homogenized :I) 

pilotscale testing at the FEMP. The remaining nine soil (AS-I through AS-9) were used solely for 
additional bench-scale testing in support of an investigation of a wider ringe of FEMP soil with a 
wider range of COCs and total uranium concentrations. All twelve soil were used in dditional 

I ?  

;a 

t! 

benchscale testing conducted at the FEMP during the tinal stages of trlrttahility testing. 

.. Soil from two of the the sit*% investigated in the characterization report hy Lee and Marsh (1992) -. 
n were selecmJ for use in bench-scale tests. These soil were initially considered to he representative of 

the soilkontaminant matrix found on the FEMP site. Gwtechnical characteristics of the two soil are 

. -- 
-. 

presented in Tahle D.4-2. The most interesting aspect to these soil. considering that physical 
separation treatment is heing investigated as the primary mechanism for soil/contaminant separation 
and ultimately volume reduction. is the high silt (0.053 - 0.002 mm) and clay (less than 0.002 mm) 

:A 

3 '  

n. 
.. I 

. content. Both soil are comprised of approximately 60 percent silt and IS percent clay. 
:s 

Y 

-a 
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Initial average total uranium ccmcentrations were determined by analyzing six aliquots each of the 
final homogenized whole soil. The ID-A and ID-B soil were determined to have 497.6 [standard 
deviation (SD) equals 60.31 and 450.8 (SD equals 36.6) mg kg' total uranium. respectively. This 
compared favorably to the 538 anJ.446 mg kg.' total uranium values for the ID-A and ID-B whole 
soil analyzed in a parallel treatability study conducted by the ORNL (Francis et al.. 1993). 

Different methods for digestion and analysis of uranium in soil can contain a certain amount of 
inherent variability. The  ORNL n o t 4  three analytical methoMfor determining total uranium in 
FEMP soil samples. The three methods. neutron activation, wet digestion, and radiocounting, . 37 . 
produced values of 538. 470. and 543 mg kg' .  respectively. for the ID-A soil and 446, 387, and 38 
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TABLE D.4-I 

LIST OF TWELVE SOILS SHOWING LOCATION WITHJN THE FEMP, 
ACRONYM IDENTIFIER, INITIAL TOTAL URANIUM CONCENTRATION, AND 

WHETHER OTHER C O G  WERE PRESENT 

Soil Acronym Soil Location Total Ur&iurn (rng/kg") Other COCs Present? 
I 

ID-A' Incinerator 499 NO 
ID-B Plant 1 Storage Pad 536 No 

OUS-A' Maintenance Building 199 Y@S 
AS- 1 Plant 9 190 NO 

AS-2 Plant 213 254 No 
AS-3 Plant 6 I 490 No 
A S 4  Pilot Plant 85 Y@S 

AS-S Griphite Furnace 98 No 
A S 4  P d d y s  Run 27 NO 
AS-7 KC-2 Warehouse 52 YZS 

YZS 

No 

a Initial total uranium values for drum soil: values will vary from initial values diterrnineci for 
individual amounts used in selected treatability testing 

\ 
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TABLE D.4-2 

CEOTECHNICAL PARAMETERS FOR ID-A AND ID-B SOIL RECEIVED 
BY THE LABORATORY FROM THE FEMP SITE 

Soil Location 

Soil Analytical ID-A Incinerator ID-B Plant I Pad ' 
Separates Parameter MwhtXlS Soil Soil 

~ ~ ~~ ~~ ~~ ~ 

Gravel > 2  mm (%) ASTM' D 422 
Sand 2 mm - 0.05 mm (95) ASTM D 422 
Silt 0.05mm - 0.002 mm (X) ASTM D 422 

Clay < O.OOZmm (W) ASTM D 422 

Specitic gravity ASTM D 854 
Liquid Limit ASTM 'D 43 I 8  

Plasticity Index ASTM D 4318 

C E C  (meqb/lOO I) 
Water Content (%) 

S W - 8 W  (908 I )  

ASTM D 2216 

a CEC - Cation Exchange Capacity 
meq - millieqquivalents 
ASTM - American Society of Testing Materials 
EPA SW-846 - Test Methods for Evaluating Solid Waste 

18.0 

62.4 

15.0 

2.67 

26.0 

. 8.0 

19.3 

21.8 

. -  

2. I 

23.3 

38.6 

16.0 

2.74 

34.0 

18.0 

19.2 
14.1 
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421 mg kg-', respectively. for the ID-B soil (Francis. et al. 1993). Initial total uranium concentration 
values of 497 and 45 1 mg kg'l determined in this bench-scale work. using wet digestion with IC 
detection, compares favorably to the viilues for whole soil tiom the parallel treatability study 
conducted by ORNL. 

The concentration and distribution of uranium within the varioussize fractions for the ID-A and ID-B 
soil are given in Table D.4-3. Soil were shaken for 30 minutes in a 4: 1 potable water to soil slurry. 
Low particle size load values for total uranium in the 19 to 9.5 mm and 9.5 to 2 mm panicle sue  
fractions were notd  for ID-A (3.2 and 6.3 mg kg". respectively) and ID-B (0 and 2. I mg kg-I. 
respectively) soil. Since the percentage of total uranium contributed hy these two size fractions for 
both soil was retatively insigniticant. subsequent tests involving the effectiveness of various 
dispersants as extracting reagents were focused only on the Ims than Zmin soil size fractions. 
Panicle size load values for total uranium among the sand. silt. and clay size fractions ranged from 
64.9 to 195 mg kg" for ID-A and 54.4 to 171 mg kg-' for tD-B. 

D.4.2.1.2 'Chemical Disnersiint/Extructant Study 
Four sodium reagents usd as dispersants were compared to potahle water on their effectiveness in 
detlocculating aggregates and removing uranium from each of the resulting soil size fractions. The 
ID-A and ID-B soil used in the study had initially heen dry screen4 through a 2-mm sieve. Table 
D.4-3 shows the percentage of soil in wch size fraction resulting from potable water and the 1 M 
dispersing solutions. Comparison of the particle distribution in this table with those values derived 
from the ASTM standard analytical method (see Table D.4-I) indicates some discrepancy for 
individual textural classes. particularly the sand and clay fractions. Since the data in Table D.4-1 is 
considered to be the baseline gwtechnical data for the two whole soil. the low percentage of sand for 
the ID-A soil is considered an anomaly and probably results tiom of the initial drying and sieving 
procedures (Section 2.2). The low clay content for all solutions except CBD is considered to result 
from the inability for those solutions or the 30-minute shake procedure to provide complete dispersion 
of the aggregates. 

The distribution of uranium among the size fractions for both soil indicate that simple physical 
separation. even with a dilute chemical dispersing solution. does not result in any size fraction that 
has an acceptably low concentration of uranium. The uranium concentration is highest in the sand 
and clay fractions for the ID-A soil and the clay fraction for the ID-B soil. One of the most 
important factors relative to uranium distrihution in these two soil is that the silt fraction. which 
constitutes nearly two-thirds-of the soil mass. contains uranium concentrations between 250 and 
300 mg kg", regardless of the dispersing solution. This is well above an acceptable uranium' level 
for treated soil. 0 
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Table D . 4 4  contrasts the effects of potable water and dispersing solutions (the values are averdgd 
across the four dispersants tested) on the concentration md distribution of uranium in the three size 

, fractions for the less than 2 mm ID-A and the ID-B soil. The use of dispersants i n c r w d  the percent 
of the silt!?action while decreasing the percent sand fraction. indicating an enhanced effect on 
aggregate dispersion. The loading factor for uranium also smms to have shitied from the sand md 
silt fractions in both soil to the clay fraction as a result yf the dispersing solutions. In the case of the 
ID-A soil, the uranium load value for the sand fraction dwrwcxl from 460 to 182 mg kg" by using 
dispersing solutions. The uranium Itmd values in the clay fraction of the ID-B soil increased from 79 
to 192 mg kg-' with the addition of dispersing reagents. 

The effect of using a sodium reagent on the istribution of uranium mong the thrw size fractions is 
shown in Table D.4-5. The shift in uranium contribution by size friction from sands to the clays 
indicates a redistribution of uranium or uranium-hearing panicles (e.g.. clay tilms). After using 
water. 61.9 percent of the uranium remained with the ID-A soil sand fraction while only 4.8 percent 
was associated with the ID-A soil clay fraction. Hijwever. with the use of dispersants. only 
36.9 percent of the uranium was associated with the sand fraction while 18.5 percent was now 
associated with the clay fraction. This is also evident in the ID-B soil. where the amount of uranium 
associated with the clay fraction incrwed from 25 percent to 45. I percent. 

.- . 

D.4.2.1.3 Attrition Scrubbing Tests 
The results of the dispersant/extractant tests provided distribution characteristics for uranium relative 
to individual particle size fractions; however, these tests did not identify any soil fraction for zither 
the ID-A or ID-B soil that rducwl uranium to acceptable residual levels. In an effort to simulate 
physical separation processes common to the soil washing technology. alkaline reagents were 
combined with mechanical mixing and tested tijr their effectiveness in removing uranium from the 
soil. 

Attrition scrubbing tests were conducted on the less than 2 mm size fraction for ID-A and ID-B soil 
using water and three alkaline extraction solutions common to the uranium mining and processing 
industry: sodium carbonate/sodium bicarbonate, ammonium carhonate/ammonium bicarbonate, and 
sodium pyrophosphate. The test design was structured to target extractant. extradon solution 
concentration. and attrition scrubbing time effects o n  uranium and activity removal from two soil size 
fractions (less than 0.053 mm and grater than 0.053 mm). 

ID-A Soil 
Figures D.4-2 through D.4-4 illustrate the effect of alkaline extractants on removing uranium from 
two sue fractions of the ID-A soil. Figure D.4-2 shows the ett'ect of the sodium pyrophosphate 

D-4-6 
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CONCENTRATION AND DI!Sl'RIBUTION OF TOTAL URANlUM IN 
SELECTED PARTICLE SIZE FRACTIONS USING A SOIWWATER SLURRY FOR ID-A 

AND ID-B HOMOGENIZED WHOLE SOILS FROM THE FEMP SITE 
I 

% Fraction Uranium Panicle % Uranium 

Location Panicle Size Distribution Distribution (mg/ky'') (mg/kg.l) Size Fraction 
Soil in Size Concentration Size Load Contribution hy. 

ID-A Whole Soil 
Incinerator 19 - 9.5 mm 

Area ' 

9.5 - 2 mm 

2 mm - 0.053 mm 

0.053 mm - 0.002 mm 

~0.002mm ' 

ID-B P h t  
1 Pad Arm 

Whole Soil 

19 - 9.5 mrn 

9.5 - 2 mm 

2 mm - 0.053 mm 

0.053 mm -0.002 mm 

O.OO2mm 

N A ~  

20.1 

1.5 

12.5 

61.5 

1.4 

NA 

0.0 

3.1 

28.8 

61.8 

6.3 

497 

16 

120 

1028 

317 

1475 

450 

0 

66 

I89 

223 

2710 

NA 

3.2 

6.3 

128 

I95 

(54.9 

NA 

0 

2.1 

54.4 

138 

171 

N A  

0.8 

I .6 

32.2 

19.1 

16.3 

N A  

0.0 

0.6 

14.9 

37.8 

46.7 

, .,I,. 

4:l potable water to soil slurry shaken for 30 minutes. 
N A  - Not applicable. 
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TABLE D.4-4 

PARTICLE SIZE DIWRIBUTIONS AND URANIUM CONCENTRATIONS FOR THE. 

FOUR IMM DISPERSING REAGENT SOLUTIONS’ 
LESS THAN 2-MM ID-A AND ID-B SOILS RESULTING FROM WATER AND 

Soil Size Fractinn (inm) 

2 - 0.053 0.053 - 0.002 <0.002 

U r m u  in Uruniuni 

Conccnlr:ititm Conccni rai ion Uraniirin Ci)ncciikttion 

Soil Lowlion Dispersing Rcagcnt Soil Fraction ($3 ) (inglkg I) Soil Fruction (%)  (inglkg ‘ j  Soil Fraction (H ) (Ill& ‘1 

ID-A Incinerator H?O 23.3 I970 72.6 340 4. I 883 
Area NaOH 11.6 I566 83 .O 265 5.4 I303 

NalCOI 9.4 ‘ 1610 85.8 267 4.8 2017 
NuHCO, 9.3 . 1702 85.6 300 5. I I295 

CBD 10.7 1713 

ID-B Incincrutor H ?O 38.4 

Area NaOli  27.6 

N a P h  28.3 
b NaHCO, 27. I 

CBD 28. I 

228 
23 I 
114 . 

748 
I86 

78.3 

55.1 
66.4 
67.3 
68.6 
56.3 

227 

273 
270 
247 
279 
28 I 

11.0 

6.5 
6.0 
4.4 
4.3 
15.6 

913 

1719 
2293 
3577 
3244 
999 

Solillions were I :4 soilldispcrsing stiliilion rutios shaken lor 30 minutes. 
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CONCENTRATION AND DISTRIBUTION OF URANIUM IN THE THREE SIZE 
FRACTIONS OF THE LESS THAN 2MM I D A  AM) ID-B SOILS USING WATER AND 

DISPERSANTS 

Panicle Uranium % Fraction Uranium 
Panicle Size in Size Concentration Size Load Contribution by 

Soil Location Distribution Distribution (mg/kg') (rng/kg") Size Fraction 

- Water 

ID-A 2 mm - 0.053 mm 23.3 1970 
Incinerator 

0.053 mrn - 0.002 rnrn 72.6 340 
Area 

cO.002 rnrn 4. I 883 

ID-B 2 rnrn '- 0.053 mm 38.4 228 

0.053 rnm - 0.002 inm 55.1 2 73 
0 Plant 1 Pad 

~ 0 . 0 0 2  mm 6.5 1219 

Dispersino Solutions ( A v e r a d )  

ID-A 2 mrn - 0.053 mm 10.3 1773 - 
Incinerator 

Area 
0.053 mm - 0.002 mm 83.1 264 

~ 0 . 0 0 2  mm 6.6 1382 

ID-B 2 mrn - 0.053 mm 27.8 2 I9 

269 Plant 1 Area 
Pad 

C0.002 mm 7.6 2528 

' 0.053 rnrn - 0.002 rnrn 64.6 

460 

237 

35 

87 

I50 

79 

182 

220 

91 

61 

I73 

193 

61.9 

33.3 

4.8 

- 27.6 
47.1 

25 .o 

36.9 

44.6 

18.5 

14.3 

40.6 

45.1 
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concentration and attrition scrubbing time on uranium concentration for the I s +  than 0.053 mm and 
greater than 0.053 mm soil. 

The most striking feature about Figure D . 4 2  is the large difference in uranium concentration between 
the two s u e  fractions. The greater than 0.053 mm (sand) fraction contains roughly four to six times 
the concentration of uranium than the less than 0.053 mm (silt and clay) size fraction. However. only 
18 percent of the ID-A soil falls within the sand h a i o n  (Table D.43) .  

Increasing the concentration of dispersant generally resulted in a decreasing concentration of uranium 
within all attrition scrubhing times. The effect was most pronounced for the gra te r  than 0.053 mm 
soil fraction during the 5 minute attrition scrubbing test. The graph illustrates an overall similar 
effect within all' attrition scruhhing times for both soil fractions. Holding the extractant concentration 
constant, a similar pattern exists tibr attrition scruhhing time. where increasing the attrition scrubbing 
time increases the amount of uranium removed. 

One can evaluate an optimum set of conditions for removing uranium while minimizing concentration 
and scrubbing time by proceeding t iom the far back corner of the graph ( I w t  aggressive conditions) 
diagonally forward towards the front corner of the graph (most aggressive conditions). Sands seem to 
reach optimum operation conditions at about 15 minute ixtraction time for the 0.25 M concentration. 
This means that little uranium is hrther removed hy increasing scrubbing time to 30 minutes or 
extracrant concentration to 0.5 M. Although less pronounced. the same scenario exist for the silt and 
clay fractions. 

Figure D.4-3 illustrates the effect of ammonium carhonate/hicarhonate concentration and attrition 
scrubbing time on uranium concentration of the two soil fractions for the ID-A soil. Five minutes of 
scrubbing in a 33 percent solids slurry and water resulted in the sand tiaction at approximately 
1500 mg kg-' uranium and the silt and clay fraction at 250 mg kg-'. Increasing scrubbing time to 
15 minutes and carhonate concentration to 0.25 M decreased uranium concentration in the sand 
fraction to 571 mg kg'l. Increuing scruhhing time to 30 minutes and extracrant concentration to 
0.5 M only reduced uranium concentration from 571 to 526 mg kg'l (8 percent). The effect of 

, ammonium carbonate/hicarbonate on the less than 0.053 mm soil fraction was once again less 
pronounced. The best effect was achieved by simply increasing the extractant concentration to 
0.25 M. This reduced uranium concentration in the silt and clay fracrions from approximately 250 to 
145 mg kg-I, approximately 40 percent. 

The pattern for uranium extraction from the sand fraction using sodium carbonatehicarbonate (Figure 
D.44) is not as defined as for the other extractants. Still. the 0.25 M concentration was one of the 
most effective; however. it required 30 minutes of attrition scruhhing. The results for the less than 

* 
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0.053 mm soil fraction were similar in pattern to the previous two extractants. Nearly 60 percent of 
the uranium was removed by a 0.25 M solution during 15 minutes of  scrubbing. 

ID-B Soil 
Figures D.4-5 through D.4-7 illustrate the effec~ of alkaline extractants on removing uranium from 
two size tiactions of the ID-B soil. The ID-B soil. much like the ID-A soil; has a low amount of 
sand (23 percent) and a high amount of silt (58 percent) and clay (16 percent). Comparison of the 
data for the ID-B soil with the ID-A soil brings out one very prominent fature: the high levels of 
uranium are associated with the Ims than 0.053 mm soil fraction. rather than the greater than 
0.053 mm soil. The uranium concentration in the silt and clay fraction is on an average 
approximately two to three time the uranium level on the sand fraction. Also. the levels of uranium 
concentration within any size fraction does not exceed 500 mp kg ' .  These two features c l w l y  
illustrate the differences hetween the twu soil relative to the effectiveness that physical separation and 
chemical extraction trutments might have. 

Figure D.4-5 shows the effect of sodium pyrophosphate concentration and attrition scrubbing time on 
uranium concentration for the less than 0.053 mm and greater than 0.053 mm size fraction for the 

ID-B soil. Attrition scrubbing time had n o  effect on either soil fraction with water. Increasing the 
concentration of dispersant generally resulted in a decreasing concentration of uranium within all 
attrition scrubbing times for both soil size fra~zions. The effect 'was most pronounced for the less 
than 0.053 mm soil fraction during the 5 minute attrition scrubbing test. where the uranium 
concentration was reduced from 330 to 65 mg kg-'. a reduction of almost 80 percent. The graph 
illustrates an overall similar e t k t  within all attrition scruhhing times for hlth soil fractions. 

I :4 I 
Once again, one can evaluate an optimum set of conditions for removing uranium while minimizing 
concentration and scrubbing time by proceding from the far hack corner of the graph ( l a s t  
aggressive conditions) diagonal1 y fbrward towards the front wrner of the graph (most aggressive 
conditions). Both soil fractions seem to reach optimum operation conditions at about 15 minutes 
extraction time for the 0.25 M concentration. 

Figure D.4-6 illustrates the effect of ammonium carbonatr/hicarbt)nate concentration and attrition 
scrubbing time on uranium concentration of the two soil fractions for the ID-A soil. Little difference 
was noted tor 5 minute attrition scruhhing. regardless of extractant concentration. However. when 
the scrubbing time was increased to 15 minutes. a 0. I M scdution was very effective. removing 
almost 78 percent of the urmium. The etYect of ammonium carbonate/bicarbonate on the greater than 
0.053 rnm soil fraction was less pronounced. with an overall average reduction of only about 20 to 
30 percent, regardless of attrition scrubbing time or extractant concentration The pattern for uranium 
extraction from the silt and clay tiactions using sodium carbonatehicarbonate (Figure D.47) is 

32 
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similar to the other extrxtants. Still. the 0.25 M concentration and 15 minute scruhhing time was 
one of the most etYective for the hoth soil frictions. 

D.4.2.2 chemical Extraction TEE 
D.4.2.2.1 Initial Anal vses and Characterization of Soil 
An initial analysis and characterization of two soil considered to be representative of the . 
soii/contaminant matrix found at the FEMP site was conducted before their use in hench-scale 
chemical extraction tests. Initial total uranium concentrations for ID-A and ID-B soil described in 
Section D.4.2. I .  1 were 497 and 45 1 kg'l. respectively. Total uranium did not preferentially reside 
with any single size fraction hut was distributed throughout the sand. silt. and clay for hoth soil. Due 
to the distribution of total uranium among all panicle size fractions and the corresponding particle size 
loads, the less than 2 mm soil waq used in chemical extraction tests. 

D.4.2.2.2 Stace I: Initial Screening of Chemical Extractants 
Twelve chemical extractants were tested on their effectiveness in removing uranium from the less than 
2 mm size fraction for ID-A iind ID-B soil. Relatively aggressive conditions were selected tcr tirst 
evaluate each chemicals effectiveness. Figure D.4-8 illustrates the concentration of uranium in ID-A 
and ID-B soil solids fdlowing chemical extriction at 80°C. 1: 10 dose rate (IO percent solids). 4-hour 
extraction time, and highly concentrated extractants. The chemical extractants that were most 
effective at removing total uranium from the less than 2mm size' fraction for hoth Soil were the 
inorganic acids. 

Nitric, hydrochloric, phosphoric. and sulfuric acids reduced uranium concentration in the soil solids 
from 497 mg kg-' to 4.9. 23.4. 13.1 and 14.0 mg kg'. respectively. for ID-A soil. The inorganic 
acids were also the most etYective chemical extractants for the 10-8 soil and reduced.uranium 
concentration in the soil from 451 mg kg' to 2.3. 3.2. 4.8 and 13.4 mg kg" for the respective acids. 
The only other extractant that was effective o n  ID-A soil was EDTA at pH IO. which reduced 
uranium to .less than 50 mg kg.'. Sodium carhonate. ammonium carbonate. and stdium hydroxide 
were more effective on the ID-B soil than on the ID-A soil. These extractants rductxl total uranium 
concentration in ID-B soil to 25.5. 29.1 and 29.1 mg kg-'. respectively. EDTA was more effective at 
the high pH range (pH 10 and pH 8). reducing uranium concentration to 24.3 and 34.6 mg kg'. 
respkctive~ y. 

Figures D.4-9 and D.4- 10 illustrate the percent of total uranium in extracted soil solids, spent extract. 
and rinsate for each of the emactants for ID-A and ID-B soil, respectively. The inorganic acids 
resulted in over 95 percent reduction in uranium concentration in the solid phase of both soil. 
EDTA (PH 10) was also ahle to achieve a greater than 90 percent reduction in uranium concentration 
in both soil. The carhonate compounds. sodium hydroxide and EDTA were the next most effective 
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chenlical extractants for ID-A soil. removing better than 70 percent of the total uranium. However. 
sodium carhmate. ammonium carbonate. stdium hydroxide. and EDTA (pH 8 and pH IO) were very 
effective in ID-B soil. reducing total uranium concentration in the solids to less than 50 mg kg". 
equating to more than a 90 percent reduction in total uranium. ETDA's effectiveness seemed to be 
pH dependent. Figures D.4-9 and 0.4-10 illustrate that the rinsate accounts for less than 10 percent 
of the total uranium removed duringthe extraction process. However. an additional, 10 percent 
would remove 50 and 45 mg kg-1 from ID-A and ID-B soil. respectively. 

D.4.2.2.3 Stage 11: Screening of Selected Extraaants 
The inorganic acids were the most effective extractants of the reagents tested. Therefore. three 

inorganic acids (sulfuric. nitric. md hydrochloric) were selected from Stage I testing for tiinher 
evaluation in Stage 11 testing on their effectiveness in removing total uranium from the two soil. Each 
extracrant was tested at tive concentrations to determine the lowest concentration of extractant that 
could be used without significantly diminishing the amount of total uranium removed from the 
extracted solids. The extraction time (4 hours). temperature (80°C). and dose rate (IO percent solids) 
were kept the same as in Stage I testing. Figure D.4-I I shows the effect of tive concentrations of 
sulfuric acid on uranium concentration in ID-A and ID-B soil following chemical extraction. All 

sulfuric acid concentrations. except for 0.2 N. were able to achieve less than 50 mg kg" total uranium 
in the extracted solids (greater than 90 percent reduction in total uranium). 

The ineffectiveness ofthe 0.2 N solution may he a result of the buffer capacity of  the ID-A soil and 
the resulting neutralization of the added acid. Increasing the concentration heyond 1 N did not 
reduce total residual uranium concentration in the soil heyond the 14 mg kg". The ID-B soil was 

responsive to all concentrations of sulfuric acid. increasing acid concentration tiom 1 N to 2 N 
reduced total uranium concentration in the extracted solids from 18 to 8 mg kg-'. Overall. sulfuric 
acid concentration in excess of 1.0 N resulted in little additional uranium being removed tiom either 
the ID-A or ID-B soil. 

. .  

The concentration of total uranium in extracted ID-A and ID-B soil following chemical extraction for 
five concentrations of nitric acid is illustrated in Figure D.4-12. Much like the results for sulfuric 
acid extraction. a 1.0 N nitric acid concentration was nectssary to achieve less than 50 mg kg'l total 
uranium concentration in hoth soil. A I N acid strength reduced total uranium concentration in 
extracted solids to 9 mg kg" for both soil. Increasing the concentration of nitric acid to 5.3 and 
8.0 N resulted in less than 1 percent additional uranium removal from either soil. 

Figure D.4-13 shows the concentration of total uranium in extrdcted ID-A and ID-B soil following 
chemical extract& for t h e  concentrations of hydrochloric acid. A 1 N hydrochloric acid solution. 
much like sultbric and nitric acids. was slightly more effective on ID-B wil than ID-A soil, reducing 
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total' uranium concentrations to 8 and 14 mg kg'l. respectively. Additional acid strengths heyond I .O 

N resulted in little additional removal of total uranium tiom the extracted solids. 

The distribution of total uranium among the extracted soil. spent extractant. and rinse water for ID-A 
and ID-B soil following extraction. with tive concentrations of sulfuric ac'id, nitric acid, and 
hydrochloric acid isshown in Figures D.4-14 and 0.4-15. Figure D.4-14 illustrates that at lower 
acid concentrations. over 90 percent of the uranium remained in the extracted solids for the ID-A 
soil. This ineffectiveness in to'tal uranium extraction at lower concentrations is not evident in the 
ID-B soil (Figure D.4-15). The amount of uranium removed in the rinsate for all three acids and 

both soil never exceeded IO percent of the total uranium. However. ils noted previwsly.  il IO percent 
reduction in the amount of additional uranium can potentially remove as much as 50 mg kg-l. . 

D.4.2.2.4 Stage 111: Time. Temperature. and Concentration Study 

Two ofthe inorganic acids tested in Stage I I  were carried over to Stage 111 testing. The effects of 
sulfuric and nitric acids at two close rates. two extractiim times. and two temperatures are illustrated 
in Figure D.4-16 for the ID-A soil. The optimum interactive effects of time. temperature. and Jose 

rate for each acid can he evaluated from this figure. The least aggressive condition (e.g.. 4: I dose 

rate, 0.5 hour extraction time. ambient temperature. and I N concentration) are near the hack corner 
of the graph. By proceeding from the t'ar hack corner of the graph diagonally forward towards the 
front comer, the extraction conditions become more aggressive. Figure D.4- I6 shows that nitric acid 
had a pronounced effect on total uranium removal when the extraction temperature was increased 
from ambient to 40°C. On the average. an additional 50 mg kg'l of total uranium was removed from 
the ID-A soil by increasing the temperature. Although incresing the acid concentration from I N to 
2 N at ambient temperature did not intluence uranium extraction. it did seem to  enhance total uranium 
extraction at 40°C. Incrw!ing the reaction time from 0.5 to 2 hours'and/or increxsing the dose rate 
from 4: 1 (20 percent solids) to 7: I (12.5 solids) did not show a similar effect on reducing the total 
uranium concentration in the extracted solids. A 1 N nitric acid solution at 40°C and a 7:) dose rate 
and 0.5 hour extraction time was able to reduce total uranium concentration in the ID-A extracred soil 
to 26 mg kg". 

Increasing the temperature from ambient to 40°C during sulkr ic  acid extraction reduced the total 
uranium concentration in the extracted solids an additional 30 mg k g l  (Figure D.4-16). Increasing 
acid strength from I N to 2 N for either temperature did not seem to have much effect on the tinal 
concentration of total uranium in extracted soil solids. Overall. dose rate and extraction time did not 
seem to intluence total uranium extraction for sulfuric acid in ID-A soil. B a e d  on this data. 1 N and 
2 N sulfuric acid solutions at 40°C and a 4: 1 dose rate and 0.5 hour reaction time were able to 
reduce total uranium concentration in the exwasted soil to 38 and 36 mg k g ' .  respectively. 17, 
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Figure D.4-17 illustrates the etYect of nitric acid and sulhric acid concentrations. temperature. 
extraction time. and dose rate on total uranium concentration in extrictd ID-B soil. It is obvious that 
1 N nitric acid solutions at a 4: 1 dose rate. regardless of temperature or extraction time, did not affect 
total uranium concentration in extracted solids. A 2 N nitric acid solution at 40°C was extremely 
effective, regardless of dose rate or extraction time. The most aggressive and effective extraction 
conditions were a 2 N nitric acid solution at 40°C. 7:1 dose rate, and 2 hour extraction time. This 
treatment lowered the concentration of total uranium in the extracted soil to 17 mg kg-I. However. 
decreasing acid concentration to 1 N and extraction time to 0.5 hour still resulted in a tinal 
concentration of total uranium in the extracted soil of 41 mg kg-I. 

Sulfuric acid was very effective on ID-B soil, regardless of extraction conditions. Only the l a s t  
aggressive conditions for the I N and 2N sulfuric acid solutions (e.g.. ambient. 4; 1 dose rate. and 
0.5 hour extraction time) resulted in a total uranium concentration in the extracted soil in excess of 
50 mg kg-*. The most aggressive conditions reduced total uranium concentration in the extracted soil 
solids to 17 mg kg-I. By reducing acid strength to 1 N and extraction time to 0.5 hour and 
maintaining 40°C temperature and a 7: 1 dose rate. total uranium concentration in the extracted solids 
was only 19 mg kgl. 

D.4.2.3 Phvsical Senaration and Chemical Extraction TcstS 
Based on the tindings from initial physical separation and chemikal extracting bend-scale testing, a 

final set of bench-scale tests were conducted to evaluate the selected soil washing treatment process 
before initiating pilot-scale testing. These tests were designed to evaluate a sequential treatment 
process that incorporated attritiun scrubbing with sodium carbonate/sodium bicarbonate solution 
followed by a dilute sulfuric acid extraction. 

All earlier bench-scale physical separation testing was conducmi using a modified Hamilton Beach 
mixer. The experimental design incorporated the use of a DECO attrition mill in the combined 
physical separation and chemical extraction test since the mill was considered to provide results 
comparable to the attrition scrubber designed into the soil washing pilot plant. Figure D.4-I8 
illustrates the results from a comparative study conducted with a DECO attrition mill and a Hamilton 
Beach mixer. Although no replications were conducted to allow for a statistical analysis, visual 
comparison of the results indicate that uranium cqncentration for the two soil size fraaions in treated 
ID-A and ID-B soil as a fundion of attrition scrubbing time are similar between the two pseudo- 
attrition scrubbers. 

The DECO attrition mill was used in the combined process test to evaluate the effectiveness of a 
sequential physical separation and chemical extraction treatment process on removing uranium from 
the two soil. A 0. I M sodiutn carbonate/si!dium bicarbonate solution. 15 minutes attrition scrubbing 

FER/OUSFYAEM/APPENDIX DI.Huch 11. 19YS I I:%rn D-4-30 



8 3..6 

ID-B SOIL 

DRAFT 
FINAL 

FIGURE 0.4-1 7. 
THE EFFECT OF NITRIC ACID AND SULFURIC ACID CONCENTRATIONS, 

TEMPERATURE, EXTRACTION TIME AND DOSE RATE ON URANIUM 
CONCENTRATION IN EXTRACTED ID-B SOIL. 

D 4 3  1 



DRAFT 
FINAL 

FIGURE 0.4-18 
A COMPARISON OF RESIDUAL CONCENTREATION OF URANIUM IN TWO SIZE 

FRACTIONS OF ID-A AND ID-B SOILS FOLLOWING ATTRITION SCRUBBING 
WlTHA DECO ATTRITION MILL AND A HAMILTON BEACH MIXER. 

OOdP2S~* D432 



836 
5 

FEMP-OSFSJ DRAF7 f lNAL 
March 22. 1995 

time and 33 percent solids, reduced uranium concentration in the ID-A soil from 497 to 341 mg kg" 
and in the ID-B soil and from 450 to 241 ing kg'l. This equates to a 31 and 46 percent reduction in 
total uranium concentration. 

These carbonate-attrition-scruhbd soil were centrifuged to separate the soil solids which were 
subsequently treated with a 2 N sulfuric acid solution at 40°C for 30 min. When a 4: I dose rate 
(20 percent solids) was used, uranium concentrated in the treated solids was reduced to 52 and 92 mg 
kg-1 for ID-A and ID-B soil, respectively. This equated to a 90 and 80 percent reduction in the 
initial uranium concentration for the ID-A and ID-B soil respedvely. When a 7: 1 does rate 
(12.5 percent solids) was used. uranium concentration in the treated solids was reduced to 49 and 
71 mg kg-l for ID-A and ID-B soil. respectively. This equated to a 90 and 85 percent reduction in 
the initial uranium concentration for the ID-A and ID-B soil respectively. 

4 

4 

D.4.3 PILOT-SCALE TESTS 14 

D.4.3.1 Phase I: CRUS Soil Washing Demonstration Tests 
The soil washing pilot plant, located in Plant 8. was operated in a batch mode during the summer of 
1993 for a period of three months. simplitied version of the soil washing 

16 

17 

I X  

Figure D.4-19 illustrates 
process, previously given in detail in the PFDs provided in Section D.3 and Attachment D.V. This 
figure shows the primary process streams generated during the operation of the soil washing system. 
Potentially, six basic process strwms could have htwn generated' from operation of the pilot plant. 

IY 

3) 

.. Those streams included: ( I )  treated soil solids greater than 4.75 mm: (1) treated soil solids 0.3 t o  .. 

4.75 mm; (3) treated soil solids 0.02 to 0.3 mm; (4) treated soil solids less thaii 0.02 mm; ( 5 )  a tiltar 
cake (residue); and (6) spent carbonate extraction solution. Due to the operation of the soil washing 
system these primary process streams were slightly changed. The 0.3 to 4.75 mm soil solids coming 
off of the screen deck was combined with the 0.02 to 0.3 mm soil solids corning off of the centrifuge 
to form a single process stream. A centrifuge heel was created during system operations. The 
centrifuge heel was partially treated soil retained by the centrifuge during the batch-mode operation of 
the system. Although this soil was not considered pan of any primary process stream. it constituted a 
signiticant amount of the initial soil m a s  and uranium and therefore wads used in ma~s balancing. 

As noted in Section D.3.4.1.5, analytical suppon was provided by h t h  the FERMCO laboratory and 
the contracted laboratory. The soil and uranium mass balancing for pilot plant operations was derived 
solely from FERMCO analytical data. Analyses performed by the contracted laboratory for the 
primary process stream included all radiological and inorganic (metals) analytes in addition to total 
uranium, as list4 in Table 0.3-1. Therefore, final total uranium analyses presented in the following 
sections for soil processed through the soil washing system will he discussed on two levels: 
(1) on-site analyses used to described process operations for soil and uranium mas tracking and 
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(2) off-site contracted laboratory analyses used to provide tinal concentrations for all radiological and 
inorganic analytes. i 

Initial concentrations of analytes for the two feed soil is provided in Attachment 11. Total uranium 
(the target analyte) concentration was determined by off-site analysis to be 499 and 536 mg kg-' for 
ID-A and ID-B. respectively (Table 0.4-1). This was a composite analysis for all the titkeen 
55-gallon drums of each soil prepared by the ID program. Specitic total uranium analysis of each 
55-galIon drum processed through the soil washing system was determined by on-site analysis to be 
431 and 487 mg kg-' for the two drums of ID-A soil and 389 and 455 mg k g l  for the two drums of 
ID-B soil. 

'D.4.3.1.1 Phvsical Senaration 
The physical separation side of the soil washing pilot plant was designed with thrw principle 
components (trommel. screen deck. and centrihge) t o  provide selected soil size frictions during 
processing operations. n e  trommel providd  the tirst process stream by separating g w e i  grater 
than 4.75 mm from the soil. Only 3.7 (SD=0.6) and 0.7 (SD=0.3) percent t)f the initial soil mass 
fell into this size fraction for ID-A and ID-B. respectively. Although not malyzd for total uranium. 
this process stream was considered to he relatively low in total uranium concentratioti. 

The centrifuge and screen deck were used to provide a feed to the attrition scrubher. The centrifuge 
provided a soil panicle sire fradon of approximately 0.02 mm. The screen deck was used as a 
protective step within the operation to remove a coarser fraction of the soil (greater than 0.3 mm) 
before centrifugation. The 0.3 to 4.75 mm soil solids from the screen deck averaged greater than 
75 percent solids for both ID-A and ID-B soil. The centrifuge produced both a high solids stream 
and a high water stream (centrate). While the centrate was averaging approximately. one percent 
solids, the 0.02 to 0.3 mm soil solids from the centrifuge averaged grater than 70 percent solids tor 
both soil. These 0.02 to 0.3 mm soil solids from the centrifuge were combined with the 0.3 to 
4.75 mm soil solids from the screen deck and processed through the attrition scrubber. This 0.02 to 
4.75 mm soil solids was considered the second primary process stream. The centrate from the 
centrifuge. which also contained a signiticant amount of the soil mass (considered to primarily consist 

extraction vessel and represented the third primiry process strum. 
'of the fine less than 0.02 mm soil fraction of the soil). w a  transferred directly to  the chemical 

The centrifuge was designed to provide a coarse soil size fraction with signiticant mass to warrant the 
use of an attrition scrubber. - In general, attrition scrubbing is recommended for particles greater than 
0.075 mm (sand particles). However, grain size distribution for these two soil (Attachment V) 
showed that only approximately I8 and 22 percent. rt?spm?ively. of the ID-A and ID-B soil particles 
were greater than 0.075 mm. By directing the soil fraction greater than 0.02 mm to the attrition 
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scrubber, approximately 40 ti) 45 percent of the total soil mass wuld he processed through attrition 
scrubhing. The attrition scrubhing of the tiner sand tiaction (0.05 to 0.075 mm) and the comer silt 
fraction (0.02 to 0.05 mm) in conjunction with the 0.075 mm to 4.75 mm soil fraction was 
considered potentially effective since individual particles in these size fractions exhibited similar 
physical characteristics (e.g.. the lack of elasticity, plasticity. and cohesive qualities). 

Grain size distribution was determined for all batch runs of the centrifuge solids (as compared to the 
centrate) coming off of the centrifuge for each of the three cycles through the centrifuge (Attachment 
D.XI). All the soil solids coming off the centrifuge were less than 75 pm. However, approximatdy 
70 percent and more of this soil mass was leis than 0.02 mm. In most cases. over 10 percent of the 
soil solids coming off the centrifuge was in the clay size fraction (less than 0.002 mm). Although the 
centrifuge tinction4 well as a dewatering device. it did not provide the specitic particle size t iadon 
of 0.02 mm. Therefore, the soil processd through the attrition scrubber was prc)hably more 
representative of the whole soil. All reference to this primary process stream will continue to be 
referred to as the greater than 0.02 mm soil friction. All reference t o  the soil separates contained in 
the centrate will be referred to as the less than 0.02 mm soil friction. 

D.4.3.1.2 Soil Washinn of the ID-A Soil 
Tables D.46 and D.4-7 show the results and mass halances for soil and total uranium for individual 
soil washing process streams for the first and second drums respectively of the incinerator area soil. 
Each drum was processed separately and represented a single replication of  the process operation. 
The two replications for each soil were used to evaluate reproducibility of  process operations. The 
following is a discussion of the eftiitiveness of the soil washing process on the ID-A soil using 
average values and standard deviations (SD) calculated from data contained in Tables D.4-6 and 
D.4-7. 

The total uranium concentrations in the greater thari 0.02 mm and less than 0.02 mm treated soil 
solids were 27 mg kg" (SD= 1.4) and 62.5 mg kg-l (SD=26.2). respectively. These two primary 
process streams and the greater than 4.75 mm gravel accounted for an average of 74.3 percent 
(SD=4.4) ofthe initial total mass for the ID-A treated soil solids. This total mass of treated soil 
averaged 27 mg kg" (SD= I .4). Residual total uranium mass remaining in the treated soil was 
approximately 10.3 percent (SD=0.4) of the total uranium mass contained in the fwd soil. This 
equates to nearly a 90 percent'rduction in total uranium mass for nearly 75 percent of the process4 
ID-A soil. 

Most of the uranium mass which was either concentrated in the tilter cake or remained in the spent 
carbonate extractant. The tilter cake. which was the precipitate product from the spent sulfuric acid 
extractant, had a tinal total uranium amcentration of approximately 637 mg kg-' (SD=209) and 
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contained 11.2 percent (SD=3.5) of the total uranium mass. The tinal total uranium concentration in 
the treated spent sulfuric acid solution was approximately 5 pg L'. Most of the uranium remained in 
the spent carbonate solution. This solution contained 71.5 percent (SD= 16) of the total uranium 
mass. This solution also contained a significant amount of the initial soil mass. although an exact 
value could not be calculated. Much of this soil mass contained the tine fraction of the soil separates 
that did not partition into the solid phase during centrifugation. ' 

Figures D.4-20 and D.4-21 show the average reduction in total uranium concentration in the 0.02 to 

4.75 and less than 0.02 mrn soil solids. respwively, during Runs one and two of the ID-A soil 
treatment processes. Attrition scrubbing with carbonates reduced total uranium concentration in the 
0.02 to 4.75 mm soil solids from 475 mg kg-' to less than 110 mg kg'l. Total uranium concentration 
in this fraction was further reduced to 27 mg kg-' following 1 N sulfuric acid extraction. This 
sequential prcxess resulted in a 95 percent reduction in total uranium tor this size fraction of soil 
solids. 

The centrate from the initial centrihging of the undersize soil slurry from the screen deck was 
transferred directly to the reaction vessel fur chemical extraction. The average total uranium 
concentration in these less than 0.02 mm soil solids was 1186 mg kg'l. Following a 1 N sulfuric acid 
extraction, the total uranium in this soil traction was reduced to 995 my kg'. equating to a 92 percent 
reduction in uranium concentration (Figure D.4-2 I ) .  

D.4.3.1.3 Soil Washinn of the  ID-B Soil 
Tables D.4-8 and D.4-9 show the results and mass halances for soil and total uranium for individual 
soil washing process streams for the first and second drums respectively of the plant one pad area 
soil. Each drum of ID-B soil was procastrl separately and represented a single replication of the 
process operation. The two replications for each soil were once again used to evaluate reproducibility 
of process operations. The following is a discussion of the effectiveness of the soil washing process 
on the ID-B soil using average values and standard deviations calculated from data contained in 
Tables D.4-8 and D.4-9. 

The total uranium concentrations in the greater than 0.02 mm and less than 0.02 mm treated soil 
solids were 17 mg kg-' (SD=4.2) and 35.5 mg k g '  (SD=2. I ) .  respectively. The centritbge had 
provided an addition quantity of effectively treated soil constituting nearly 3 I percent of the initial soil 
mass with a final total uranium concentration of 60 mg kg'l (SD= 19.1). These three primary 
process streams and the greater thad 4.75 mm gravel accounted for an average' of 78 percent 
(SD= 10.7) of the initial total mass for the ID-B treated soil solids. This total mass of treated soil 
averaged 37 mg kg" (SD= 12.7). Residual total uranium mass remaining in the treated soil was 
approximately 6.7 percent (SD=2.5) of the total uranium mass contained in the feed soil. This 

i 

4 

3 .  

b 

7 

1 

v 

Ill 

I I  

12 

13 

14 

15 

I I. 

17 

111 

3 

4 

27 

2 

32 

3? 

Y 

35 

36 

3'. . - 
3a 



836 

600 

500 
n 
9, 
Y 
\ 

400 
Y 

C 
0 .- c 
2 
6 300 
c 

0 c s 
.- 5 200 
C 
2 
3 

ID-A Soil 

0.02 - 4.75 mm Soil Fraction 

1st Attrition Feed 

2nd Attrition Feed 

3rd Attrition Feed 

Acid Extraction 

Water Rinse 

100. 

0- 

DRAFT 
FINAL 

FIGURE D.4-20. 
+HE SEQUENTIAL REDUCTION IN TOTAL URANIUM CONCENTRATION IN 

THE 0.02 TO 4.75 mm ID-A SOIL SOUDS DURING TREATMENT PROCESSES. 

D438 80BBZGO 



836 

1200 

800 

600 

400 

200 * 

0. 

ID-A Soil 
< 0.02 mm Soil Fraction 

e 0.02 mm Soil Slurry 

Acid Extraction 

Water Rinse 

I 

Treatment Process Stream 

DRAFT 
FiNAL 

. FIGURE D.4r21. 
THE SEQUENTIAL REDUCTION IN TOTAL URANIUM CONCENTRATION IN THE 

LESS THAN 0.02 mm I D A  SOIL SOUDS DURING TREATMENT PROCESSES. 
. -  



$36 

FEMP-OSFS-5 DRAFT FINAL 
March 33. 1995 

TABLE D.J-6 

SOIL WASHING PILOT PLANT PROCESS STREAMS FOR INCINERATOR AREA SOIL 
(ID-A, RUN I), SINGLE BATCH (DRUM) PROCESS 

Fwd Soil 178.00 , 

Treated Solids (> 4.75 mm) 5.78 
Treated Solids (0.02 - 4.75 mm) 99.13 
Treated Solids (< 0.02 mm) 32.95 
Totals 137.86 
Centrifuge Heel (avg.) 10.82 
Filter Cake 13.02 
Spent Carbonate Solution 44.03 

0 
a NA - Not Applicable 

100.00 
3.25 

55.69 
18.51 
77.45 
6.08 
7.3 I 
NA 

43 1 
NA' 

26 
44 

29 
235 
489 
NA 

76.728 
NA 

2.577 
1.453 
4.030 
2.544 
6.367 

63.546 

100.0 
N A  
3.4 
1.9 
5.3 
3.3 
8.7 

82.8 

'.. 
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SOIL WASHING PILOT PLANT PROCESS STREAMS FOR INCINERATOR AREA SOIL 
( I D A ,  RUN 2), SINGLE BATCH (DRUM) PROCESS 

Process Str& 
Total Mass 

(%I  
Uranium 
(mg' kg-') 

Uranium 
(% 1 

~~~~~~ ~ ~ 

Feed Soil 
Treated Solids (> 4.75 mm) mm) 
Treated Solids (0.02 - 4.75 mm) 4.75 
Treated Solids (C 0.02 mm) mm)' 
Totals 
Centrifuge Heel (avg.) 
Filter Cake 
Spent Carbonate Solution 

181.28 
7.50 

102.04 
19.48 

129.02 
13.57 
15.42 
39.52 

100.00 
' 4.14 

56.29 
10.75 
71. I7  
7.49 
8.5 I 
N A  

487 
NA' 

28 
81 
34 

2 19 
785 
N A  

88.222 
NA 

2.857' 
1.578 
4.135 
2.%9 
I2.104 
53.102 

100.0 
NA 

3.2 
I .8 
5 .O 
3.3 

13.7 
60.2 

a NA - Not Applicable 
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equates to over a 90 percent reduction in total uranium mass.for nearly 78 percent of the processed 
ID-B soil. 

Most of the uranium mass was eiher concentrated in the tilter cake or remained in the spent 
carbonate extractant. The tilter cake. which was the precipitate product from the spent sulfuric acid 
extracrant, had a final total uranium concentration of approximately 3455 mg kg" (SD= 1281) and 
contained 47.5 percent (SD= 10.7) of the total uranium mass. The tinal total uranium concentration 
in the treated spent sulfuric acid solution was approximately 5 mg 1". A major portion of the 
uranium remained in the spent carbonate solution. This solution contained 23.5 percent (SO= 11.8) 
of the total uranium mass. This solution also contained a signiticant amount of the initial soil mass. 
although an exact value could not he calculatd. Much of this soil mius contained the tine fraction of 
the soil separates that did not partition into the solid phase Juring centritbgation. 

Figures D.4-22 and D.4-23 show the sequential reduction in total uranium concentration in the 0.02 
to 4.75 and less than 0.02 mm soil solids. respectively, during these treatment processes. These 
values are an average for Runs one and two of the ID-B soil. Attrition scruhbing with carbonates 
reduced total uranium concentration in the 0.02 to 4.75' mm soil solids from 198 mg kg-l to less than . 
41 mg kg-'. Total uranium concentration in this fraction was further reduced to 28 mg kg.' following 
1 N sulfuric acid extraction. This szquential proctsss resulted in a 85 percent reduction in total 
uranium for this size fraction of soil solids. 

The centrate from the initial centrihging of the undersize soil slurry tiom the screen deck was 

transferred directly to the reaction vessel for chemical extraction. The average total uranium 
concentration in these less than 0.02 mm soil solids was 237 mg kg". Following a 1 N sulfuric acid 
extraction, the total uranium in this soil fraction was reduced to 35 mg kg ' .  equating to an 85 percent 
reduction in uranium concentration (Figure 0.4-23). 

D.4.3.1.4 TCLP and Comparative HSL Analvses for Primarv Process Streams 
Table D 4 l O  shows the total uranium values for ID-A and ID-B soil processed through the soil 
washing pilot plant for samples analyzed by the contracted lahoratory and the FERMCO laboratory. 
The on-site analysis provided by the FERMCO laboratory supported the mass halancing of the 

process runs. The otY-site analysis provided by the contracted lahoratory supported TCLP analysis 
and tracking of other COCs. Table D-4-10 compares total uranium analyses by the two laboratories 
and provides the TCLP analysis by the off-site lahoratory for the primary process streams. 
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Total uranium concentration values for the initial soil and the primary process streams were 
consistently higher by off-site analysis as compared to on-site analysis. Table D 4 l O  shows that the 
average total uranium concentrations for the 0.02 to 4.75 mm process stream are 59 mg kg-' (SD=42) 



3oc - 

2% 

n -  
o) s 20c 
E 

E 
E 1% s 
00 

= loa 

W 

C 
0 .- 
C 

C 

E 

2 
3 .- 

3 

50 

0 

DRAFT 
FINAL 

ID-B Soil 
0.02 - 4.75 mm Soil Fraction 

~ 1st Attrition Feed 

2nd Attrition Feed 

3rd Attrition Feed 

Acid Extraction 

Water Rinse 

FIGURE D.4-22. 
THE SEQUENTIAL REDUCTION IN TOTAL URANIUM CONCENTRATION IN 

THE 0.02 TO 4.75 mm ID-6 SOIL SOLIDS DURING TREATMENT PROCESSES. 
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FIGURE 0.4-23. 
THE SEQUENTIAL REDUCTION IN TOTAL URANIUM CONCENTRATION IN THE 
LESS THAN 0.02 mm ID-B SOIL SOLIDS DURING TREATMENT PROCESSES. 



TABLE D.4-8 

SOIL WASHING PILOT PLANT PROCESS STREAMS FOR INCINERATOR AREA SOIL 
(ID-B, RUN I), SINGLE BATCH (DRUM) PROCESS 

Total Mass Total Mass Uranium Uranium Uranium 
Process Streams (kg) (96) (mg kg? (mg) 

Feed Soil 169.53 100.00 389 65.958 100.0 

Treated Solids (> 4.74 mm) '1.14 0.67 0 0 0.0 
> 

Treated Solids (> 20 pm) 61.43 36.24 I ?  860 1.3 

Treated Solids (> 20 pin) 16.36 9.65 37 605 0.9 

Centrifuge Heel (avg.) 40.59 23.94 46 I .849 2.8 

Totals 119.52 70.50 28 3.314 5 .O 

Filter Cake 10.35 6: 10 2.549 26.38 I 40.0 

a NA - Not Applicable 

. .  
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TABLE D.4-9 

SOIL WASHING PILOT PLANT PROCESS SI'REAMS FOR INCINERATOR AREA SOIL 
( I D A ,  RUN I),  SINGLE BATCH @RUM) PROCESS 

Total Mass Total Mass Uranium Uranium Uranium 
Process Streams (kg) (mg kg9 (mg) ( % I  

Feed Soil 

Treated Solids (> 4.74 mm) 

Treated Solids (> 20 pn) 

Treated Solids (> 20 pm) 

Centrifuge Heel (avg.) 

Totals 

Filter Cake 

Spent Carbonate Solution 

99.73 

1 .60 

30.05 

16.38 

37.36 

85.39 

5.73 

10.32 

100.00 

1.60 

30. I3 

16.42 

37.46 

85.62 

5.75 

NA' 

455 

0 

20 

34 

73 

46 

4.361 

NA 

45.377 

0 

601 

557 

2.729 

3,887 

24.990 

'6.9 I6 

~~ 

a NA - Not Applicdhk 

100.0 

0.0 

1.3 

1.2 

6.0 

8.5 

, 



t 8 3 6  

FEMP-OSFSJ DRAFI' FINAL 
March22. 1956 

and 75 mg kg-' (SD= 1.4) by the contracted laboratory. respectively. for the ID-A and ID-B soil. 
The average total uranium concentrations for the less than 0.02 mm process stream are 158 mg kg-' 
(SD=23.3) and 112 mg kg-' (SD=2. I )  by the contracted laboratory, respectively. for the ID-A and 
ID-B soil. and 62 mg kg" (SD=26. I )  and 35 mg kg" (SD=2.1) by the FERMCO laboratory, 
respectively, for the ID-A and ID-6 soil. 

The TCLP results indicate that there is a raluaion in the leachable quantity of uranium for the 0.02 
to 4.75 mm and the less than 0.02 mm process streams, as compared to the initid soil. The initial 
feed soil showed TCLP values of 3.6 and 33.9 mg L' for the ID-A and ID-B soil. respectively. The 
0.02 to 4.75 mm process stream was reduced to average TCLP values of0.3 ing L' (SD=0.15) and 
0.8 mg L '  (SD=0.03) for the ID-A and ID-B soil, resptsively. The less than 0.02 mm process 
stream was reduced to average TCLP values of I .  I mg L' (SD= I .  I )  and 2.1 ing L '  (SD=0.65) for 
the ID-A and ID-B soil. respectively. 

a 

D.4.4 COC TESTS 
The bench-scale soil washing test for COCs incorporated a test procedure that was modeled after the 
preliminary CRUS CDR tlow diagram for the proposed soil washing system. The six soil initially 
characterized and processed through a sulfuric acid process and a sodium cdrh)nate/stdium 
bicarbonate process were ID-A. ID-B. OU5-A. AS-3. AS-4. and AS-7. The uranium concentrations 
for the soil before treatment and following an acid and a carbonate extraction procks is given in 
Table D .4- 1 1 .  

i 

a 
All soil, except for soil the pilot plant area. resulted in residual uranium concentrations Iss than 
113 mg kg" following treatment with either sulfuric acid or sodium carbonate/sdium bicarbonate. 
All but one soil had initial TCLP values greater than 1.2 mg L'. The TCLP values for treated soil 
ranged from 8.6 mg L '  for WbOndte-eXtfacted Plant 6 soil (AS-3) to 0.15 mg L' for KC-2 
Warehouse soil (AS-7). However. there smms to be no relationship between TCLP valuS for treated 
soil and uranium concentration in soil solids hefuri or following treatment. 

The effectiveness of each chemical extraction process for soil with high uranium concentration (AS-3) 
and a soil with low uranium concentration (AS-7) is shown in Table D.4-11. Sulfuric acid extraction 
reduced uranium in the AS-3 treated soil solids.to 277 mg kg-' (81 percent reduaion). while carbonate 
extraction reduced uranium concentration to 357 mg kg" (76 percent reduction). The KC-2 
Warehouse area soil. having an initial uranium concentration of 52 mg kg". was treated to test the 
effectiveness of extractant process on soil with low uranium concentrations. Although carbonate 
extraction had no effect on removing uranium from this soil, sulfuric acid extraction removed 
56 percent of the uranium to a tlnal concentration of 23 mg kg-' in the treated solids.Attachment IV 
contains the characterization data for soil used in COC testing. Only two soils contained significant a 
FERIOUSFSIAEMIAYPPIDLXDl~%uh.h ?I. IWS I I:ZUwn D-4-47 
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levels of other COCs. the Maintenance Building area soil (OU5-A) and the Pilot Plant area soil 
(AS-4). Only certain constituents are o f  potential concern in the groundwater pathway via vertical 

beryllium, chromium, and lead). The Pilot Plant area soils had elevated levels of chromium and lead. 
migration. The Maintenance Building area soil had elevated levels of certain inorganics (e.g., 

Lead concentration in both soils was unaffected by either a sulfuric acid or carbonate extraction 

. -  

' . .  
process. Chromium levels were reduced in the A S 4  soil treated with sulhric acid hut were 
unaffected in the OM-A soil. 

b 



TABLE D.4-IO 

URANIUM VALUES BY TWO LABORATORIES FOR BOTH THE ID-A 
AND ID-B SOILS PROCESSED THROUGH THE SOIL WASHING PILOT PLANT 

l i i i t  Soil > 4.75 111111 0.02 - 4.75 111111 < 0.02 min Filter Cake 

HSL TCLP HSL TCLP HSL TCLP HSL TCLP HSL TCLP 

n1g kg-' p g l L '  ing kg" pglL'  ing kg' . p g l L '  lllg kg" pgIL1 ing kg.' pgIL" 
~ 

ID-A Run 1 

Cantracted Lab 499' 1206' N A  14  I 56 I34 175 124 2083 855 

FERMCO 43 I N A  ' N A  N A  26 N A  14 N A  489 N A  

ID-A Run 2 

Contracted Lab 499' I 206' N A  44 I 62 62 112 63 I 35 I6 3218 

FERMCO 4 a7 N A  N A  N A  20 NA 81 N A  785 N A  

ID-B Run I 

Contracted LJ) 536" I 1398" NA ' N A  76 275 I l l  557 4350 I I7 

FERMCO 389 N A  N A  NA 14 NA 37 N A  2549 N A  

ID-B Run I . 
Contracted Lab 536" I 1398" N A  NA 74 259 I I 4  867 4738 21 I87 

FERMCO 455 N A  N A  N A  20 NA 34 N A  436 I NA c3 
€3 
€3 
N 
-3 

' One initial value was determined during initial characterization for ID-A soil .  

One initial value was detsrinined during initial characterization for ID-B soil. 
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TABLE D.4-I1 

URANIUM CONCENTRATIONS IN THE SOIL SOLIDS AND THE TCLP EXTRACT FOR 
SIX FEMP SOIL BEFORE TREATMENT ANT) FOLLOWING AN AClD AND A 

CARBONATE EXTRACTION PROCESS 

~ 

Soil Initial Soil Sulfuric Acid Process Carbonate Extraction 
Process 
Locations 

HSL TCLP HSL TCLP HSL TCLP 
mg kg-' ing L" mg kg" mg L" ing kg" mg L'I 

~ 

ID-A 499 I .2 I I3 1.6 86 0.38 
ID-B 536 11.3 28 0.5 1 44 2.2 
OU5-A 
AS-3 
AS4 . 

AS-7 

199 2.1 
I490 --- 
85 4.1 

52 0.38 

I13 5.6 I13 0.68 
277 --- 357 8.6 
-- -- 50 1 . 1  

23. 0.15 51 0.44 

'000272 
FERK)USFSIAEWAYPEDIX DlMnrrh 21. 1995 I I:% D4-50 
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FERNALD CRUS - ID SOILS lNlnAL HOMOGENlZATlON OF OWED SIEVE FRACnONS 

ID-A 
<f  

LO 5 5 / 06-0 1 
1055/0642 
3055/06-03 
1055/0644 
1055/06-05 
1OSS /06-O6 

A- 
t R n D  

1D;A 
9.5-7rr 

1055/0647 
1055 /06-O8 
1055 j06-09 
1055/06-10 
1055/06-11 
1055/06-12 

A- 
5 R S D  

ID-A 
19-9. S n  

1055/06-13 
' '1055/06-14 
1055 /06-15 
lOS5/06-16 
lOS5/06-17 

A- 
t R s D  

loss/o6-18 

Total Qroes Orma. 
Ur*\tr Alp& bra 
(POI) (pcI/O) (pci/g) 

307.85 404.00 263.00 
304.91 3L8.00 234.00 
304.32 298.00 252.00 
298.31 478.00 299.00 
289 . 80 427.00 223 . 00 
301.73 374.17 251.00 
305.18 320.00 238.00 

2.01% 17.71% 10.00% 

Toea1 Or088 
Uranium Alpha 
(POID ( f l i / g )  

367.48 542 . 00 
284.01 455.00 
338.02 535.00 
337.32 519.00 
358.79 521.00 

336.37 505.00 
332 57 458- 00 

7.89%. 6.97% 

6-88 

B m t r  
(Pcug, 
332 . 00 
275.00 
340.00 
312.00 
314.00 
284.00 
309. SO 
7. sa% 

T0-l Or088 am88 
U r a a i u m  Alpha &a 

375.92 401 . 00 232.00 

355.99 502.00 .2S9.00 

355.7f 431.00 286.00 

374.34 4S4.33 257.83 

(POI) ( r n / O ,  (rnm 
361.19 518.00 275.00 

399.61 390.00 249.00 

397.58 484.00 246.00 

4.92% 10.91S 7.04s 

TO-1 
Activity 
(pci/g, 
661.00 
ss2.00 
sso.00 . 
777.00 
650.00 
sss. 00 
62s. 17 
13 28% 

TO-1 
Aceavity 
(PCi/9) 
874.00 . 
730.00 
875 .OO 
831.00 
835.00 
742.00 
814. SO 

7.14% 

Tom1 
Activity 

633.00 
793.00 
761.00 
639.00 
717.00 
730.00 
712.17 

(pcllg) 

8.28% 

105 5 / 06-19 
1055/06-20 
1055/06-21 
lOSS/O6-22 
lOSS/06-23 
lOSS/O6-24 

a- 
amam 

1-8 
9 .  s-a- 

lOS5 /06-29 
1055/06-26 
lOS5/06-27 
lOS5/06-28 
lOS5/06-29 
lOS5/06-30 
. A- 

t R s D  

1055 /Ob-31 
1055/06-32 
1095/06-33 
lOSS/O6-34 
lOS5/06-3S 
lOS5/06-36 

A- 
Q R S D  

Total Orom. 
U r i u m  Alpha 

429.51 213.00 
423.51 255.00 
409.52 128.00 
413.15 2S8.00 
380.16 319.00 
410.32 311.00 
411.03 264.00 

( P P I  (pci/g) 

3.79% 14.87% 

foul Oro.8 
Uranium Alpha 

404.51 331.00 
429.29 382.00 
393.62 410.00 
397.18 420.00 
381.18 379.00 
392.4s 270.00 
399.71 365.33 

(PPI) (PCi/g) 

3.74% . 14.01% 

O r o . 8  
kta 

(Pci/9) 
206.00 
201.00 
179.00 
192.00 

217.00 
206.83 

246 00 

10.19% 

Tofrl 
Activ i ty  

419.00. 
4S6.00 
407 .OO 
450.00 

528.00 
470.83 

( Pci/g 1. 

565.00 

12.121 

Or088 To-1 
80tr h e t i w i t ?  

cpci/e, (pci/g) 
257.00 588.00 
281.00 663.00 
258.00 668.00 
327.00 747.00 
275.00 654.00 
199.00 
266.17 
14 - 27% 

-tal am88 OICOg.8 rot81 
ur.PirU UQh. 88t8 Act iv i ty  

416.84 308.00 205.00 513.00 
410.68 370.00 290.00 660.00 
392.65 328.00 247.00 575.00 
417.84 30S.00 215.00 520.00 

399.1s 345.00 309.00 654.00 

(PPI) cpci/g, (pci/g, (Pci/g) 

398.11 371.00 261;OO 632.00 

405.88 337 83 254. SO 592 33 
2.39% 7.88% 14.65% 10.171 

FOU5-1 .XLS Rev. 1.2 03/24/93 



FERNACO CRU5 - INITIAL HOMOGENIZATION OF WHOLE SOIL 

ID-A 

mol. Boil 
1055/29-05 
1055/29-06 
1055/29-03 
1055/29-08 
1055/29-09 
1055/29-10 
AVERA(II 

% RSD 

Am Roooivod 
Total 

Uranium 
(PPW 

526.00 
506.00 
400.00 
491.00 
464 .OO 
599.00 
497.67 
13.29% 

Oroaa 
Alpha 
(Pci/g) 
245.00 
338.00 
348 .00  
349.00 
382.00 
417.00 
346.50 
16.64% 

Qroem 
Bat8 

(Pci/g) 
198.00 
229.00 
242.00 
280.00 
248.00 
292.00 
248.17 
13.79% 

Total 
Aot ivi ty 
(Pci/9) 
444.00 
567.00 

629.00 
630.00 
708.00 
594.67 

590.00 

14.81% 

10-8 
Am D.o.iVO6 
uhoh O o i l  
1055/29-11 
1055/29-12 
1055/29-13 
1055/29-14 * 

1055/29-15 
1055/29-16 
AVIRAO6 
t RBD 

Total 
uranium 

(PPI) 
423.00 
428.00 
413.00 
447.00 
474.00 
520.00 
450.83 
8.918 

otoam 
Alpha 
(Pci/g) 
238.00 
211.00 
304.00 
-376.00 
332.00 
416.00 
312.83 
25.198 

Oro8a 
Bot8 

199.00 
217.00 
249.00 
261.00 
262.00 
260.00 
241.33 

(Pci/g) 

11.138 

Tot.& 
Aotivity 
(Pea / Q ) 
438.00 
428.00 
554.00 
637.00 
593.00 
677.00 
554.50 
18.54a 



Dispersant 

at1mM 

Cancammion 

H20 

NaOH 

Na2C03 

NaHC03 

CBD 

ID-A Soil 

19 - 9.5 mm Dry Sieve Fraction 

Size Fraction Distribution After Wet Seinng 

Size 

Fraction 

19 - 9.5 mm 

9.5 - 2 mm 

2 mm - 53p 

53u - & 

19 - 9.5 mm 

9.5 - 2 mm 

2 mm - 53u 

53u - & 

19 - 9.5 mm 

9.5 - 2 mm 

2 mm - 53u 

53u - & 

19 - 9.5 mm 

9.5 - 2 mm 

2 m m - 5 a  

5 * - &  

C a J  

19 - 9.5 mm 

9.5 - 2 mm 

2 mm - 5 3 ~  

5%-U 
<2cr - 

, 

Soil Mass 

in Size 

Fraction 

( 9 )  

56.53 

5.21 

17.67 

136.64 

10.26 

50.17 

15.38 

13.13 

139.04 

11.28 

8.21 

58.14 

16.84 

136.38 

10.46 

48.47 

11.13 

11.67 

152.55 

9.88 

76.05 

8.97 

10.30 

125.72 

13.34 

% Total 

of Initial 

Soil wt. 

22.65 

2.09 

7.08 

54.76 

4.1 1 

20.07 

6.1 5 

5.25 

55.61 

4.51 

23.25 

3.28 

6.74 

54.55 

4.1 8 

19.39 

4.45 

4.67 

61.02 

3.95 

30.42 

3.59 

4.1 2 

50.28 

5.34 

Total U 

in Sue 

Fruction 

PPm 1 

16.42 

145.26 

633.76 

279.80 

i zoo. 78 

25.03 

67.83 

1266.32 

210.12 

1429.40 

61 3.41 

187.05 

897.69 

232.63 

1 987.06 

47.23 

100.32 

1386.95 

287.06 

1529.49 

25.02 

165.88. 

1103.14 

244.05 

701.14 

Gross 

Alpha 

( p c i l g j  

e 72.8 

249.00 

61 5.00 

1000.00 

365.00 

c 76.3 

102.00 

1220.00 

485.00 

1 1 10.00, 

839.00 

281 .oo: 

280.00 

800.00 

1670.00 

e 69.4 

I 98.00 

1470.00 

332.00 

1360.00 

88.00 

1 oio.oo 
371 .OO 

294.00 

494.00 

Gross 

Bets 

(Palg) 

80.10 

166.00 

308.00 

553.00 

259.00 

83.30 

68.50 

722.00 

31 9.00 

385.00 

692.00 

145.00 

443.00 

227.00 

854.00 

70.60 

98.10 

833.00 

266.00 

635.00 

70.60 

190.00 

61 2.00 

209.00 

354.00 

Total 

Activity 

(pcilg) 

152.90 

41 5.00 

923.00 

1560.00 

624.00 

159.60 

170.00 

1940.00 

804.00. 

1500.00 

1530.00 

'426.00 

1240.00 

506.00 

2530.00 

140.00 

296.00 

2300.00 

598.00 

1990.00 

159.00 

561 .OO 

i6a0.00 

502.00 

849.00 



OUSICA . XLS 

Site 

Fraction 

9.5 - 2 mm 

2 mm - 53u 

53u - 2p 

<2c! 

9.5 - 2 mm 

2 mm - 5 3 ~  

53u- 2&l 

c 2cr 

9.5 - 2 mm 

2 mm - 53p 

53p - 2p 

Cb 

9.5 - 2 mm 

2 mm - 53p 

53# - 2cc 
c2# 

9.5 - 2 mm 

2 mm - 531~ 

5% - 2e 

<2/r 

Soil Mass 

in Size 

fraction 

( 9 )  

3.48 

23.46 

184.13 

15.94 

3.44 

' 26.36 

192.24 

14.80 

4.86 

27.37 

188.62 

7.90 

3.84 

25.01 

195.48 

5.69 

4.01 

25.1 1 

186.95 

12.95 

836 

ID-A Soil 
9.5 - 2 mm Dry Sieve Fraction 

Size Fraction Distribution After Wet Seiving 

Dispersant 

at 1 mM 

Concentration 

H20 

NaOH 

Na2C03 

NaHC03 

CBD 

% Total 

of Initid 

soil wt. 

1.39 

9.38 

73.65 

6.38 

1.38 

10.54 

76.90 

5.92 

1.94 

10.95 

75.43 

3.16 

1.54 

10.00 

78.1 8 

2.28 

1.60 

10.04 

74.75 

5.18 

~ 

Total U 

in Size 

Fraction 

f PPm 1 

696.58 

482.85 

330.65 

2343.10 

226.43 

486.95 

230.96 

1452.03 

255.42 

414.60 

214.98 

21 09.20 

1 184.55 

653.1 7 

270.38 

1948.56 

687.23 

458.25 

197.48 

1464.97 

Gross Gross Total 

Alpha Beta Activitv 

w i l g )  Ipcilg) (pciig) 

850.00 482.00 1330.00 

483.00 343.00 826.00 

335.00 239.00 573.00 

1520.00 725.00 2240.00 

331 .OO 180.00 5 1 1 .OO 

506.00 299.00 805.00 

225.00 177.00 402.00 

1 100.00 636.00 1740.00 

339.00 21 9.00 558.00 

584.00 285.00 869.00 

323.00 185.00 507.00 

1270.00 5 14.00 1780.00 

1930.00 1 100.00 3030.00 

750.00 423.00 1 173.00 

331 .OO 162.00 493.00 

1300.00 637.00 1930.00 

898.00 482.00 1380.00 

387.00 270.00 657.00 

179.00 108.00 287.00 

101 0.00 546.00 1 560.00 

QQ028% 

Rev. 2.0 05/07/93 



IO-A Soil 

c 2 rnrn Dry Sieve fraction 

Size Fraction Distribution After Wet Seiving 

Dispersant S o d M a s s  %TO- TotaJU 

at 1 rnM Si20 in Site of Initial in Size Gross Gross Totsl 

Concentration h a t i o n  Radon Soil Wt. Ftaction Alpha Beth Aaivity 

( g )  ( ppm I (PCilg) (pCilg) (pCUg1 

H20 2 rnm - 5 3 ~  74.53 29.86 558.12 1240.00 715.00 1955.00 

53P- a4 196.69 78.80 435.69 565.00 351 .OO 91 6.00 

4.66 1 .a7 1500.20 1340.00 751 .OO 2090.00 c& 

NaOH 

Na2C03 

NaHC03 

CBD 

000282 

OU51CA . XLS ' 

2 mm - 53u 39.58 

5 5  - & 199.28 

2u 3.59 

2 mm - 5 3 ~  33.78 

53u * al 192.08 

c& 3.83 

2 mm - 5 3 ~  38.42 

53p - 2u 181.52 

e& 7.17 

2 mm - 53u 36.37 

53P-  a4 186.55 

e& 11.19 

15.82 366.42 781 .OO 453.00 1230.00 

79.65 335.19 345.00 256.00 601 .OO 

1.43 . 1406.20 947.00 775.00 1720.00 

13.51 446.69 670.00 393.00 1060.00 

76.80 358.04 31 8.00: 255.00 573.00 

1.53 1404.20 1770.00 1060.00 2830.00 

15.32 337.66 61 7.00 438.00 1060.00 

72.39 41 7.31 314.00 355.00 696.00 

2.86 1670.21 11 10.00 797.00 1910.00 

14.53 404.27 550.00 370.00 920.00 

74.54 347.86 61 3.00 270.00 883.00 

4.47 3905.32 3850.00 1670.00 5520.00 

Rev .  2.0 05/07/93 



836 
. -  

ID-A Soil 

c2mm Dry Sieve fraction 

Size Fraction Distribution After Wet Seiving . 

Dispersant SoilMass %Total Total U 

a t 1 m M  Size in Size of Initial in Site Gross Gross Total 

Concentration Fraction Fraction Soii'Wt. Fraction Alpha Beta Activit~ 

( g )  4 ppm 1 (pCi/g) (pCi/g) (pcilg) 

H20 2mm-S3p 64.40 23.36 1970.02 1550 1190 2730 

53p-2~ 200.04. 72.57 340.73 31 1 279 509 

C2rr 11.21 4.07 883.02 492 429 92 1 

NaOH 2mm-53u 27.86 11.59 1566.42 1040 843 1 aao 
53u-2~ 199.4s 83.00 265.69 209 198 407 

2u 13.00 5.41 1303.51 71 6 449 1170 

Na2C03 2mm-53p 22.30 9.41 1610.59 1310 1020 2330 

361 53p-2~ 203.19 85.78 267.02 169 . 191 

2u ? 1.37 4.80 2017.07 91'2' 557 1470 
_I 

NaHC03 2mm-53p 22.08 9.32 2202.26 1770 1390 31 60 

5 3 p - 2 ~  202.62 85.54 300.09 245 1 a9 435 

2L4 12.18 5.14 1295.90 478 36 1 839 

CBD 2mm-53# 26.05 10.74 1713.03 1390 1090 2470 

53u-& 189.83 78.28 227.15 153 141 294 

26.61 10.97 913.19 529 434 963 

Modified Procedure From Previous Initial Characterization of c 2mm Soil 

OU5ICPS.XLS REV. 2.0 05/07/93 



- 

; ; *d . .: 1 1  

_ .  . . 10-8 soil 

19 - 9.5 mm Dry Sieve R a m  

Size Fraction Distribution After Wet Seiving 

NaOH 

Na2C03 

NaHC03 

CBD 

Dispersant 

at 1 mM Size 

Concentration fisction 

H20 19 - 9 . ’ ~  mm 

9.5 - 2 mm 

2 mm - 53p 

53M - 2rr 
<2u 

19 - 9.5 mm 

9.5 - 2 mm 

2 mm - 53p 

53p * 2p 

c 2P 

19 - 9.5 mm 

9.5 - 2 mm 

2 mm - 53p 

53p - 2p 

<2u 
19 - 9.5 mm 

9.5 - 2 mm 

2 mm - 53u 

53M - 2u 
<2/1 

19 - 9.5 mm 

9.5 - 2 mm 

2 mm - 53~1 

53P - aJ 
<2/1 

ou 5 IcA.XLS 

Soil Mass 

in Site 

hanion 

( g )  

% Total 

of Initial 

Soil Wt. 

ID - 8 Soil Contained No 19 - 9.5 mm Sue Fraction after Addition of Dispersant 

Rev. 2.0 05/07/93 0 



Dispersant 

a t1mM 

Concehation 

, H20 

NaOH 

Na2C03 

NaHC03 

CBD 

0 U5 ICA. XLS 

ID-8 Soil 

9.5 - 2 mm Dw Sieve Fraction 

Size Fraction Oistribuaon After Wet Seiving 

Size 

Fraction 

9.5 - 2 rnm 

2 mm - 5 3 ~  

53g- 2u 

2u 

9.5 - 2 mm 

2 mm - 53u 

53u - 2u 

2u 

9.5 - 2 rnm 

2 mm - 53p 

53u- 2u 

2u 

9.5 - 2 mm 

2 mm - 53p 

53P - & 

2P 

9.5 - 2 mm 

2 mm - 5 3 ~  

53P - a! 
<a 

Soil M a s s  %Total 

in Size of Initial 

Fraction Soil Wt. 

( 9 )  

8.1 2 3.25 

43.95 17.59 

170.47 68.22 

14.71 5.89 

Total u 
in Size Gross Gross T a d  

F r e o n  AIbhs Beta Activity 

( ppm I (PCilg) (pCilg) (pCi/gl 

66.04 109.00 ~ 5 1 . 3  160.00 

151.38 181.00 139.00 320.00 

174.70 141 .OO 140.00 281 .OO 

4201.93 2860.00 1310.00 4170.00 
. .1 

13.12 5.25 97.51 135.00 77.80 213.00 

39.10 15.64 . 129.71 182.00 124.00 306.00 

137.16 54.86 132.69 169.00 200.00 370:OO 

20.73 8.29 2880.12 888.00 576.00 1460.00 

6.68 2.67 60.42 ’ 92.60 c56.1 149.00 

43.49 17.40 231.10 271 .OO 208.00 479.00 

148.56 59.44 104.90 118.00 141 .OO 259.00 

35.78 14.32 2994.93 1560.00 669.00 2220.00 

8.31 3.33 86.09 123.00 54.00 177.00 

41.21 16.5 159.81 205.00 125.00 330.00 

1 18-00 166.00 157.00 323.00 171.05 68.50 

17.52 7.02 4014.64 2350.00 1120.00 3470.00 

8.01 3.21 92.18 138.00 109.00 247.00 

37.81 15.14 165.71 182.00 149.00 331 .OO 

133.60 53.5 1 66-17 117.00 147.00 264.00 

53.91 21.59 1725.02 1080.00 647.00 1730.00 

oooa;t!& 

Rev. 2.0 05/07/93 
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. .  . . .:. , . . . . .  j .*. ‘.d. , 

f l .  . .. _ .  

ID% sod 

< 2 mrn Dw Sieve Fraction 

Size Fraction Distribution After Wet Stiving 

Dispersant 

at 1 mM 

Concentration 

H20. 

NaOH 

Na2C03 

NaHC03 

CBO 

. .  

Size 

fraction 

2 rnm - 53u 

53P - u 
, c2cr 

2 mm - 53/1 

53p - 2&/ 

2 mm - 53u 

53u - 5 
2u 

2 mm - 53u 

53u - 2g 

c u  

.2 mm - 53u 

53ru - a 
C a J  

Soil Mass 

in Size 

Fraction 

( g )  

24.99 

153.16 

1.36 

69.14 

1 44.67 , 

2.10 

70.64 

146.38 

4.33 

67.83 

134.07 

22.58 

80.12 

136.76 

15.97 

. .  % Total 

of Initial 

Soil Wt. 

9.96 

61.07 

0.54 

27.64 

57.84 

0.84 

28.22 

58.49 

1.73 

27.06 

53.48 

9.01 

31.94 

54.52 

6.37 

Total U 

in Size Gross Gross Tatal 

fraction Alpha Eeta A- 

I ppm ) (Pcilgl (pcilg) (pCi/g) 

194.41 151.00 91.80 243.00 

354.25 301 .OO 227.00 528.00 

6042.70 5720.00 2000.00 7720.00 

154.00 74.30 73.60 148.00 

398.73 303.00 236.00 539.00 

4620.00 4890.00 1390.00 6280.00 

171 .OO 123.00 294.00 - 

a 350.64 294.00 307.00, 601 .OO 

4335.21 3680.00 1250.00 4930.00 

154.19 74.50 73.80 148.00 

349.68 361 .OO 259.00 620.00 

15352.40 8920.00 2880.00 1 1800.00 

151.91 177.00 170.00 347.00 . 

384.23 186.00 202.00 388.00 

85 1 6.1 9 4830.00 1 840.00 6670.00 

a 
Rev. 2.0 05/07/93 
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8 3,6 

Dispersant 

a t 1 m M  

Concentration 

H20 

NaOH 

N a 2 C 0 3  

N a H C 0 3  

CEO 

10-8 Soil 

<2mm Ow Sieve Fraction 

Size Fraction Distribution After Wet Seiving 

Soil Mass 

Size in Size 

Fraction Fraction 

( g )  

106.15 

152.27 

17.97 

65.72 

157.87 

14.29 

64.64 

153.54 

10.01 

63.06 

159.90 

10.12 

66.20 

1 32.58 

36.94 

% Total 

of Initial 

Soil Wt. 

42.42 

60.85 

7.18 

26.29 

63.14 

5.72 

25.85 

61.40 

4.00 

25.21 

63.93 

4.05 

26.47 

53.00 

14.77 

Total u 
in Size 

fiaction 

( PPm 1 

228 

273 

1219 

23 1 

270 

2293 

21 4 

247 

3577 

248 

279 

3244 

186 

28 1 

999 

Gross 

Alpha 

(pCilg1 

77.3 

110 

398 

129 

120 

958 

67.4 

240 

154 

149 

118 

1310 

9s 

154 

141 

Gross 

Beta 

(pCi/g) 

111 

235 

396 

119 

249 

68 1 

60.4 

204 

147 

124 

258 

590 

106 

145 

224 

Modified Procedure From Previous Initial Characterization of c 2mm Soil 

Total 

A d *  

(pCi/g) 

1 88 

345 

795 

248 

370 

1640 

128 

444 

30 1 

274 

376 

1900 

201 

299 

364 

OU51CPS.XLS REV. 2.0 05/07/93 



STAGE 1 
PHYSICAL SEPARATION 

OU5-A SOIL 

. , .  . . .  
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8 3 6, 

Description Sample Total U Gross Gross Total 

CoCidgl (pCi/gJ (PCig) 
IO (mm) AJfJtla Beta A&* 

FEANALD CRU5-OU5A SOIL INlTlAL HOMOGENIZATION 

Average 
% RSD 

Soil Composite 
Soil Composite 
Soil Composite 
Soil Composite 
Soil Composite 
Soil Composite 

Average 
% RSD 

268.82 255.67 187.67 443. t i  
5% 19% 16X 16% 

106423 10 220.09 
1064231 1 269.84 
1064231 2 327.93 
1064231 3 248.1 1 
1064231 4 239.56 
106423 1 5 309.1 5 

269.1 1 
14% 

265 
202 
299 
21 2 

268 

255.83 
14% 

,289 

184 
199 
255 
155 
155 . 
180 ' 

188.00 
18% 

448 
40 1 
554 
368 
444 
449 

444.00 
13% 

OUSAIH Rev. 1 .O 05/10/33 



OU6-A INITIAL HOMOGENIZATION ORGANIC CONCENTRATIONS 

I 
Bucket 1 Grab Samole I10642301 

replicate 

replicate 
------ 

replicate 10642308 I molicate 

1 -1 -. 

I-.-- t 
I-- -1 .......... 

-- 
106423 10 
1064231 1 
10842312 Soil Composite 

Sol1 Composite 1064 23 1 3 
I 1064231 4 Soil Composite 

Soil Cornpoihe 1084231 6 

Soil Composite -- - 
Soil Composite ---- 

---- 
-- .-- --- ---------. 

----- - 

NAP 
. (PPM) -. _..--. . 

0.1 1 
0.1 1 
0.1 

0;09 

0.09 
0.12 
0.1 1 
0.1 

. - ._. . 

- 
......... 

_.- 
_..-_-- .. 
... <0.1 .- - .... 
_ .  -. _ _  - - . 

_ .  -..- . 

~ - _ -  - 
-. . 

. . . .  .. 
. . . . . . . .  

. . . .  

- .... 
0.1 1 
0 . 1 2  
0.09 
0.13 

0.1 1 

-._ .._ 
...... - - 

-..- 

0. i  i .-. --. . .  

.. . . . . .  
. 0.12 

. <0.1 
.- _-. .. - 

..--. . 
<O. 1 

.. CO.1 -. . .  
<o. 1 
<o. 1 

.- _--. . 

.---. . 
<0.1 
<o. 1 
cO.1 

.~ -___ 
...... 

............. 
<O.l 
<o.  1 

.- ..... 

........ 
.... ...,_. . 
... . . . .  

- .  

. 
0.14 
0 . 1 2  
0.14 - 
CO.1 

... 

- - - . , - - 

. . .  

0.18 
0.1 1 
0.1 
0.1 

0.09 
... 0.13 

0.15 
0.16 

. _ _ -  

-__ - 
----- . . . . .  

--. . . . .  
<0.1 - 

. . -. -_ .- . - . . 

- ........ 
_._ . - 
-.-. ..... 
-- . . . . .  

.. - .. . . . .  
... 0.09 .-.-- .. 

... _-... 0.17 ... 

0.09 
0.18 
0.1 1 
<0.1 

- .  . 

.. -. . 
. . . . . . . . . .  

1 
1.8 

0.66 c0.1 1.1 1.3 

.......... - - 
..... . . . . .  _--  -.-. 

............ .... 

. . . . . . . . . . .  
1.1  
2 

. - . - . . - . 
- -. 

0.96 

1 
0.96 

- .- -.---. 
1.6 . . 

. . . . . . . .  .. 

Rev. 1. *0/93 
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ABBREVIATION KEY 

TCE=Tnchlomethylene 

ACEY =Accnaphthylene 
ACEN=Acenaphthene 
FtU=FIuorcne 
PHEN=Phcnanthrrne 
ANTH=Antl¶racene 
FLUA=Fluoranthene 
PYR=rnIlC 
BAA=Benzo (a) anthracene 
CHRY=Chrysene 
BBF=Benm (b) fluoranthene 
BKFrBenu, (k) fluoranthene 
BAP = Benu, (a) pyrene 
INDP - Indeno (1.2.3-cd) pyrene 
DBA=.Dibenzo (ah) anthacene 
BGP=Benm (g,h.i) perylene 

- NAP=Naphthalene 



OU5-A Soil 

e19 mJn 

Site Fratxion Distribution After Wet Seiving 

Dispersant 

at 1 mM 

Concentration 

H20 

Sue 

FfaCtiOn 

19-2mm 

Zmm-53p 

53-2p 

c 2rr 

19-2mm 

2mm-S3p 

53-2p 

c 2rr 

19-2mm 

2mm-53p 

S 3 - 2 ~  

c 2rr 

Soil Mass  

in Sue 

Fraction 

( 9 )  

45.64 

74.87 

106.09 

24.21 

47.54 

100.34 

102.72 

22.82 

39.32 

93.01 

86.67 

19.74 

% Total 

of Initial 

soil Wt. 

18.24 

29.92 

42.39 

9.67 

18.99 

40.09 

41.04 

9.12 

15.71 

37.16 

34.63 

7.89 

Total u 
in Sue 

FfaCtiOfl 

( vpm 

. 20.73 

110.16 

1 80.68 

279.20 

1.44 

1 13.92 

192.40 

31 5.25 

2.33 

1 15.94 

192.30 

269.80 

Gross 

Alpha 

I V C i 9 )  

20.64 

125 

234 

12s 

.1.32 

96.1 

169 

150 

1.37 

96.2 

181 

199 

Gross Total 

h a  Activity 

15.50 36.22 

64.6 1 90 

149 . 238 

113 238 

1.63 

52 

151 

89.2 

1.63 

74.7 

117 

124 

2.96 

148 

320 

239 

3.00 

171 

298 

323 
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ABBREVIATION KEY 

TCE='lricIhoezhylene 
NAPzNaphthaIene 
ACEY=Acenaphthylene 
ACEN=Acenaphrhene 
FLu=FIuorene 
PHENrPhCnaarhrme 
ANTH=Anthraccne 
FLUA=FIuoranthene 
PYR=qcntnc 
BAA=Ben#, (a) anthacerre 

BBF=Ben#, (b) fluoranthene 
BKF=Benzo (k) fluoranttrene 
BAP = Benu, (a) p-e 
DIDP - Indeno (1.2.3-d) pyrcne 
DBA=Dibento (ab) anthrafene 
BGP=Benzo (ghi) peryienc 

my- 

. -. 



0115 . A AT AI  ION SCAllUBlNG DATA 

Dispersing/ Gross Gross 
Ex traction Alpha Beta 

, Rev. 3.006/08193 
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STAGE 1 
CHEMZICAL EXTRACTI0.N 

ID SOILS 

: . . : .  . 



FERMMO OUI 10 - A  SOIL - OKBRE INCINERATOR AREA 

0 



eD 
m 
00 OU5 CtIEMlGAL €X1flACIIW: SIAOE 1 
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aaao 1 o . y  

4.m . 
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WA - 

wm lo wl WA 

16% WA 

16% WA 
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STAGE 1 
CHEMICAL EXTRACTION 

OU5-A SOIL 

. -  .. . . .;-:. ’ 

. ..- . .  .- . . 9 -  

? . -. 



... 

l E M P  

( ' C )  

' .  

4 0  

4 0  

4 0  

4 0  

40 

4 0  

4 0  

TIME 

(HRS) 

2 

2 

2 

2 

2 

2 

2 

SULFURIC ACID 

HYDROCHLORIC 

ACID 

NITRIC ACID 

SODIUM 

CARBONATE1 

BICARBONATE 

AMMONIUM 

CAABONAIEI 

BICARBONATE 

Tlroo 

EDTA 

0115 CIIEMICAI. EXIHACTION. SIAGt 1 

FEANALD OU5 - A SOIL 

TOTAL 

EXTRACTEC 

U 

(w) 

EXTRACT 1 RlNSAlE 1 EXTftACTED EXTRACTION FI.UIO 

lYPE CONC. 

2.ON 6 85 

0.22 I 002 I 203 18 1 .ON 0.06 

1 ON 
~~ 

6 57 

1OM - 

10M 

260 

2 55 

0 6M 
~~ 

2.11 

0.5M 4.30 

Hev. 2 1 OYIO19 J. .* OUSAESXL 
.. 



Residual Uranium (ppin) in 0 0 5 - A  Sulfuric Acid Exlracled Soils 

Book AI # ID # of Solids OUS-A DUP Removed Recovered 
1087 30 9 40'C. 2.0N 2.0Hn. 7:l 17.59 93.26% 58.43% 

Note- Page Sample Temp Conc Time Dose pH ppmUInSolids % U  %U 

1081 

io87 
1087 
1087 

.lo87 , 
1087 

. 1087 
1087 
1087 
1087 
1087 

1087 
1087 
1087 
1087 

38 9 
38 6 
38 12 
38 18 
42. 3 
38 27 
46 3 
46 6 
42 6 
42 9 
38 21 
38 .24 
42 12 
42 15 
40 15 
46 9 
46 12 

* 46 18 
42 18 

40'C 2.0 N 2.0 Hrs. 

40'C 2.0N 
40'C 2.0N 
40'C 1.0N 
40'C 1.0N 
40'C . l . O  N 
40'C 1.0N 

Ambienl 2.0 N 
Ambienl 2.0 N 
Ambienl 2.0 N 
Ambienl 2.0 N 

0.5 Hr. 
0.5 Hr. 
2.0 Hrs. 
2.0 Hrs. 
0.5 Hr. 
0.5 Hr. 
2.0 Hrs. 
2.0 HIS. 
0.5 Hr. 
0.5 Hr. 

Ambienl, 1 .O N 2.0 Hrs. 
Ambienl 1.0 N 2.0 Hrs. 
Ambienl 1.0 N 0.5 Hr. 
Ambienl 1.0 N 0.5 Hr. 

4: 1 

7: 1 
4: 1 
7: 1 
4:l 
7: 1 
4 : l  
7: 1 
4: 1 
7: 1 
4:l 

7: 1 
4 : l  
7: l  
4 : l  . 

20.40 

140.17 
165.40 

178.71 

13.85 
56.31 
60.70 
110.69 
64.06 
125.74 
55.13 
18.18 
38.78 
55.35 

64.41 
133.50 
65.30 
11 7.68 

62.15 

94.36% 
34.73% 
43.05% 
35.64% 
95.07% 
77.69% 
75.92% 
57.06% 
73.33% 
49.04% 
78.76% 
92.85% 
85.39% 
75.48% 
73.31% 
75.1 5% 
49.68% 
74.63% 
55.18% 

55.11% 
68.57% 
60.93% 
06.34% 
55.70% 
71.06% 
66.73% 
45.29% 
68.82% 
51 .85% 
58.42% 
39.26% 
50.80% 
54.80% 
67.89% 
105.98% 
50.71% 
61.18% 
59.12% 

L..  

I .  . .. 
< -  

Rev. 1 .O 05/10P3 



Y 

Residual Uranium (ppm) in OU5-,, Nilric Acid Exlracled ,oils 
1 Nole- Page Sample Temp Conc Time Dose pH ppm U in Solids % O  % U  1 
I Book# # IO # of Solids OiJS-A DUP Removed Recovered I 

1087 30 6 40'C 2 . 0 N  2.0Hrs. 7:1 26.78 94.38% 54.43% 

1087 
1087 
1087 
1087 
1087 
1087 
1007 
1087 
1087 
1087 
1087 
1087 
1087 
1087 
1087 

54 15 
54 18 
50 15 
50 18 
54 3 
54 6 
50 3 
50 6 
58 3 
58 6 
58 9 
58 12 
54 9 
54 12 
5 0 .  9 
50 12 

40' C 
40' C 
40' C 
40' C 
40' C 
40' C 
40' C 

Ambienl 
Ambienl 
Ambienl 
Ambienl 
Ambienl 
Ambienl 
Ambienl 
. Ambienl 

2.0 N 
2.0 N 
2.0 N 
1.0N 
1.0 N 
1.0 N 
1.0 N 
2.0 N 
2.0 N 
2.0 N 
2.0 N 
1.0 N 
1.0 N 
1.0 N 
1.0 N 

2.0 Hrs. 4:l 
0.5 t l r .  7:l  
0.5 Hr. 4:l 
2.0 Hrs. 7:l 
2.0 Hrs. 4:l 
0.5 Hr. 7:l 
0.5 Hr. 4:l 
2.0 Hrs. 7:l 
2.0 Hrs. -4:l 
0.5 Hr. 7:l 
0.5 Hr. 4:l 
2.0Hrs. 7:l 
2.0 Hrs.. 4:l 
0.5 Hr. 7:l 
0 . 5 H r .  4:l 

21 1.57 
32 01 
188.52 
175.10 
148.55 
153.61 
251.49 
82.11 

252.05 
82.89 
185.26 
234.82 
164.41 
201.64 
182.25 

14.30 07.23% 
50.78% 
83.04% 
52.39% 
57.90% 
56.30% 
63.15% 
22.64% 
82.51% 
37.74% 
81.74% 
53.16% 
47.68% 
47.79% 
52.51% 
47.82% 

46.01% 
49.86% 
73.50% 
50.05% 
42.62% 
43.79% 
37.29% 
77.50% 
56.16% 
62.50% 
36.87% 
48.07% 
53.04% 
52.31% 
48.80% 
52.76% 

. .  

Rev. 1 .O 05/10/ 8 



INTERMEDIATE STAGE 
PHYSICAL SEPARATION 

ID SOILS 

. .  



1 

Gtoos Gross Total 
Alpha. Beta A C I I V I ~ ~  

. W l o l  IPBIOJ [PCIIUI 
1440 

<0.669 ~ 1 . 2 6  1.91 
----- 863 -.---- 712 .... 1570 . - 

443 

. .  . . .-_-_ 73 1 -.. - .. . 714 
2 - 78 - - . . ._ . i - i i  - - . 

--.--- 283 - ---_ 160 , 

0.684 1.2s i .93  
- ..-- 70 1 -__ 522 _ _ _ _ _  1220 

------ 166 120 . 286- 

------ 187 I.- - .  103 .-- 300 ..... 

455 . . . .  

~-?!!!.-- -- 107 _ - _ .  358' 
0.73 . . 1.25 1'. 98 

1270 .- . . 603 - .__ . 

20.6 9.68 30.2 
1300 6S7 -_  

20.7 . 12.6 33.2 
888 

122 - - - 248 - . .. 
17.1 12.5 29.5 

242 

. .  _- .-- 669 - - 
- .--- . . . - 

. .  . - . - -_  74 1 .-.- 

- .. .. ---..- 479 .--- 409 ----. 

-- 126 -- 
--_ 636 _ _  .... 416 - . ._ 95! 
_--_ 167 .- 74.9 - .. . .  

I...., I I I , . , , . l  1.61'1 

, .. .. . .,... 0 .  .,. ,* 



Fernald OU5 ID-A Hamilton Beach Mixer Data 

Gloss 
Beta 

IpCiloi 
. 700 

6.61 

- 487 - - -_ 

6.21 
- 670 - 

9.89 
492 

6.97 
494 

- 118 - ._ 
11.7 
481 
223 
10.3 
669 
166 
11 

447 

--. 142 - - 

-- 163 --. - 

-_- 161 - 

-_ 91 -. . . .  

.--- 

----- .. 

..----. . 

--- 

- -  --- 
--. --. . .  

. - . -  . 

Total 
A C ~ I V I I ~  
ipC~iyi 

. . . . . . . . . . . .  1420 
. . . . . . .  345 

. . - 355 _. - 

. . . . . . . . .  339 - 

265 

22 

. . - 1120 . . - - 

22.9 

. . . . . . . . . . . . .  1340 

32.5 
1180 

23.1 
1020 

. 256 - -  
41.9 
1220 
4 50 

1320 
31 I 
31.6 
,1030 

. . . . . .  

. _-.- 

. - -. -. 
36.6 
. .-.- 
... 146 

20.6 
680 

21.6 
763 

22.7 
665 
188 
17.2 
466 
160 
24.4 
449 
219 
30.5 

------- 

--_.. ... 

---- 
----.-_ 206 

---e.- 

................. 

_---__ 
- -..-.- 

-._- ---- 
_- .-. 

HW. I I 93 

364 
11.4 32.9 
613 1270 

' 442 
11.9 34.6 
602 1070 
167 344 
9 26 2 

342 798 
164 304 
12.8 37.1 
449 898 
196 4 1 4  
11.6 4 2  1 

. . . . . . . . . . . .  

----. 235 -. .. - -. 

__---- . . . .  

.... --- . 
- - -  

- . - - .  

-- . - - .  



.... 

f ernald OU5 I0 .A Hamilron Beach Miner Dare 



Femald OU5 10-8 Hamillon Beech Mirer Oala 

(pCUg) I (p CUg) I (p CUR) 
124 I 72 1 . 196 

Rev. f '101193 



Nolo- 

1055 
i681 
1055 
1055 
1055 
1055 
1055 
1055 
1055 
1055 
1055 
1055 
1055 

..---.. 1055 
1055 
1055 
1055 
1055 
1055 
lOS5 
1055 
1055 
1055 
1055 

1055 
1055 
1055 
1055 
1055 

1035. 
1055 

1085 

Book8 

-.-- -... 

---- 
.---.. 

.--L.. 

-..---- 

.---. 
-----. 

----. 

---- 
-- 

..--- --- . 

. ---. 

..---_ 

3 0 55 
---- 
-e-- 

-__. 

Disperdnd. b W. ol ppmU Gross Gross Total 
Page Sample Extraction Conlacl Size . Size in Sire Alpha Bela Actrvity 

---.  - s  4 ...- .... ~op&spha le  ._ 0.50M . 0.50 -.e- .. ..--- +53'pm ........ 15.65 _ _  . .  66.37 69.7 332 , 103 
iii ' " . - -  ioi  - .---.- --.- -  -- - _.. -_ ._.___.-__ _.-_- __._e!? - _--_ 62 

62 6 QyrOphO* ate 0.50M 0.50 liquid' 513.84 45.81 20.7 8.14. 24.8 
7 Amm.Cahonole 0.10M 0.08 +53pm 17.25 132.70 144 80 224 62 
8 Amm.Carbona1e 0.10M . 0.08 4 3 ~ m  58.36 283.40 151 88.2 239 

351.48 36.93 14.6 6.2 ' 20.8 
62 
62 ' 8 Amm.Carbonate 0.10M 0.08 
62 10 Amm.Cubonate 0.10M 0.25 a53km 17.76 105.21 120 157 277 
62 11 Amm.Calbonale 0.10M 0.25 4 3 p m  78.17 83.90 212 194 407 
62 12 Amm.Carbono1e O.lOM 0.25 liquid-" 403.73- 38.39 18.6 5 62 25.2 

6 2  13 Amm.CahonaIe 0.10M 0.50 W p r n  17.89 69.10 64.2 74 .I 139 
114 212 62-' 1 5  Amm. Carbonile, 0.10M 0.50 4 3 p n  75.62 81.00 97.3 

124 60 
-- 60 20 .--- Amm.CarbonaIe ---- .._- 0.25M -- -_._ __._-___ 0.08 ' - 4 3 p m  -76.7i 232.00 116 13s' 252 

60 22 Amm.Carbonate 0.25M 0.25 >53~1 15.90 85.80 40.5 45.1 65.6 

60 2 1  'Amm. Carbon06 -0.25 M 0.25 liquid- 487.87-. 46.84 21 6.55 27.5 

8 I AgenI Conc. . Time fraction fraction Fraction (pCUg) (pCUg) (PCUQ) 

62 p&*;;; . 0 . 8 i M  0.50 4 3 p m  81.46 --.-- 1$5.-60 -.--_ _I_I.__ .. .. . ..... ... . 

- ----- --. -----. _I .--.- _---_. .-_-.-- --___. ____._ _______ -..- 

---. ..-.-- -._- -----. _I ._-__. _._____ -__ ___.___ --_.__ --- -- 

--- --.--  -- .----- - .-.- - --___ - __---_ -__ _______.. ____ - ---- 
--- - -.-- -- --.--- -- - ---- -Le- ---- -̂ .---"I.- . --- 

- --.--.-.- --.--- ---- ..- -- .-.---. -- .__-- ____.. ___..--__ 

-- - --- - -- - -- - -.-. ---. _- .--.---_ ..--- -- - -.__.._ - ___- _ c ~  

62 15 Amm.Carbona1o 0.10M . 0.50 liquid 528.68 38.88 17.1 4.77 21.8 
75.5 __-__ 

60 21 Amm.Carbonate 0.25M 0.08 h 489.08 45.53 17.2 7.12 24 4 

60 ' 23 - Amm.CubonrIe 0.25M 0.25 ' 4 3 p m  79.00 154.60 137 144 28 i 

62 16 Amm.Cahonale 0.25M . 0.50 +53km 17.45 67.60 .98.6 103 202 
62 17- Amm.Cubonale O.%M 0.50 4 3 p m  -- 78.46 . - 81.60 - . -- ------_ 94.5 117 ... -- ..... 212 - .. 

19 Amm. Carbonale. 0.25 M 0.08 >53 pm 17.17 90.00 -- -- ----_-_ 48.5 -- ------ -.--..---.----- . .  - -- _- . -- ... _._-_ ...... . . .  ..... 

dd-.. -....--.--. . .---.-- --- _---____ __--__ 
- --_ .-- .--_- _. -- -__ _-_ __-_ -.--.a- -. ---.-- ---- ._---.-..- - -- -- .. 

--- .- - -.-- -_ .-.--.--- --- ___--- ----.-- --I_ ._ 

P --- .----. ----- - .  -- - -  ------ - --.- .I----. -- _-- . . _._--.- 
--- -_-- .-.-..--.-- - -- -... -- -- .- - 
62 18 Amm. Carboneto 0.25M 0.50 . liquid-- 513.05 47.28 24.8 7.62 32.4 
60 25 Amm.Carbonele OSOM 0.08 +53pm 16.16 85.80 - -  --  -. .------. 69.1 . 672 -_ . 136 '-ab'-' 

26 Amm.C~rbonate 0.50M 0.08 4 3 ~ m  _______.._ 79.40 ______ 237.60 --- 141 _,___._.. 140 ___.  
60 27 Amm.Carbona1e 0.50M 0.08 llquld- 492.82 47.07 22.5 7.39 29.8 

24 3 60- 29 Amm.Carbona1e 0.50M 0.25 4 3 p m  72.07 111.00 127 116 
6ll 30 Amm.Carbonale OSOM 0.25 Liquid 495.98 45.12 13 6.53 - 18.5 
62 . _____ 18 ..__._.._.___I_ Amm. Carbonale - . - 0.50M _-  6.50 ' >53em 16.15 57.00.  81.4 80.9 162 ..... 

-_.- -.....- ---- . - - ..... .-_ -- .. .  -.--- ...... --.- - in i 

. _ _  60 _ _ _ _ .  28 ___.- Amm. c-- arbonale _- 0.50M ---.. --.----. 0.25 2%!!.. --.--.- 15.4 s- .---.?-.- 78. 0 76.7 S8.4 136 

3 2 ' -  20 Amm. Carbonale 0.50 M 0.50 4 3  pm _ _ _  7z.Bl __ 64.20 _ ~ - 63.8 iif _ _  _ _ _ _ _ _  181 . 
62 21 Amm.Carbonale O50M 050 liquid- 532.23 4660 21 .4 6.31- 27 e 

10 No ........... Carbonale 0.10M 008 >53)rrn 24.98 111.54 ...... 1 5' ....... 
% i 

<Sj im. ?;, j3 
S8 . il Na Caibonale 0 10M 0 08 _._- ... .. 

-3' i 58 12 Na Carbonale 0 10M 008 liquid' 492-33 4Ki4- 21.8 12 4 

-..----- --.----.. __. 

. ---.- .-. --- _-- 
- . . - - - . - __._ _____ I_____.__ .- _._- ._. -..- -- .- _-- _._-. _-- -  .-.-- - - - - - . - - -  -- - 

- -  --.-- -. .- --.--- ------- .... ........ . . . . . . . . . . .  

____- .  _.___ _____-_._---- -..- -- - 

100 257 
.... 107 114 ----- jei.ii 

58 
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Comparison ul OECO Attrition Scrubber to )lamilion Brrach Mixer. 

L 

Noto- 
Book 8 
1066 
1066 
1056 
1066 
1066 
1066 

1066 
1055 

- 1056 
- 

Fernald OU5-ID-A soil OECO Attrition Scrubbing 

Oirperringl Wt. of ppmU 
Pooe Ssmplo fxtraction Contact Size Size in Size 

# # AQent Conc. Time Fraction Fraction fraction 
637.72 

68 11 ----I-- Na CO31HCO3 0.25 M . -.--- 0.08 --ss,9rm.. ----- 80.61 - 149.19 --__-_ 
68 12 Ne C03MC03 0.25M 0.08 liquid 696.66 87.81 

NJI C03MC03 1 0.26M 0.2s- .2!3m 6.56 . 768.51 ... 
60.48 101.63 

66 16 Els C O T f i m  0.25 M 0 . 2 5  Liquid 333.74 33.06 
Na CO31HCO3 4.-25 M 0.50 6.20 477.17 

66 10 No CO3/HCO3 0.26 M 0.08 --- >53(rm 6.74 ~ ------ 

66 13 - 
68 14 Na C03RIC03 0.26 M 0.26 - 5 6 3 ~ ~  --- .- 

16 ______ _____-_ -.--- _>s:,r!?!_ ------- 
8 0 . 6  i i i03  56 -- 

66 17 _ _ _  ________ __.____ __.____ 553IrmL --------- - ----- * No C03MC03 0.25M 0.50 
-. - 

18 No C03/HC03 0.25 M 0.50 liquid 656.46 61 85 56 

- 
Percent 

Ol 
Total U 
6.26 

48.29 
46.46 
23.67 

40.33 
12.58 
35.15 
62.27 

- 
-e-- .. 
--.-- .. - 
--- - 

28.00 - - 
- -.--. 
- _- -. . . - - 

Fernald 005-ID-A roil Hamilion Beach Mixer 

I A T T  X I S  

f'ercent 
of 

Total U 
6.35 - . 
23.41 

22.69 
27.66 
49.65 
6.14 

70.63 

- 
--- 
70.24 - 

---.-- 
-- -_ - - . - 
'. 23 :23 - .- - .- - 

, .  

0 
All  OFCO sarnl)les were 'whole' soil arid all llamilton samples were c 2mm soll. 



Comparison of OECO AttriGon Scrubber to Hamilton 8each Mixer 

, 

Fernald OU6-10-0 Boil OECO Aflrition Scrubbjno 

Dispersing/ Wt. of ppm U Percent 
Not0 Paga Sempla E xtrsction 

Book U a a Agent Conc. Time Fraction Fraction Fraction Total U 
1066 76 1 Ne C 0 3 M C 0 3  0.26 M 0.08 > 6 3 y m  49.08 ---- 129.38 - --- 8.77 - 
1066 76 2 Ne C 0 3 M C 0 3  0.26 M 0.08 <63 pm 144.68 170.64 J4:Og- 
1066 76 3 Nr C03RIC03 0 .26M 0.08- liquid 808.40 61.16 67.16 

48.31- ~- 88.13 ----_-_. 8.21 1066 76 4 Ne C03MC03 0.25 M 0.26 >63yn 
1066 76 6 Na C03MC03 0.25 M 0.26 <63 pm - 122.82 ----- 147.38 -. 31.05 -- 
1066 78 6 Na C03M-3 0 .26M 0.26 liquid 637.18 66.68 60.74 
1 065 74 -. 13 Nr C03MC03 0.26M 0.60 - > 5 3 ~ .  -- 63.12 - ------- 97.11 - 6.44 - - - 

0.60 < 5 3 p  167.21 187.04 32.77 1066 74 14 Ne C 0 3 M m '  0.26 M 
1066 74 16 Ne C03MC03 0.2SM OXO liquid 943.63- 61.83 60.79 

of in Size Contact Size Size 

- -I 

--- -- 

- __- ---- -- 

farnrld OUS-10-8 roil Hamilton h a c h  Mixrr 

. . . -  . a. . 

. .. 
, XLS All UECO samples ware owhole arid all tlamilton samples ware <2mm roil. Rev. 



INTERMEDIATE STAGE 
CHEMICAL EXTRACTION . 

ID SOILS 

? 

. . .  . . .  



OUS CHEMICAL EXTRACTION: STAGE I end INTERMEOIATE 

0 ID 
TYPE UWC. pH 

mlmmtmr O.2N N'A AU 

SOIL EXTRACTANT 
TVPE GROSS GROSS TOTAL TOTAL TOTAL 

ALPHA BETA ACTIVITY u U 
(pcilml) (pcilml) (PCVml) 1 (ma) 

I D A  < e  0.96 2.29 3.26 0.38 0.16 

ACID 1 .m NIA AK ID-A 33.00 11.30 44.30 6200 2389 

ACID 2:1(4N) NIA AL ID-A 23.60 12 30 35.70 64.70 2568 

!ClD 1:l (6N) WA P IDA 69.80 25.10 84.90 43.89 2401 

IC 

SUWm ACID 1.0 N NIA AV ID-A 17.40 

LFURIC ACID 2:l (12N) WA AJ ID4 42.90 
ACID I 1:l 118N\l tu A I  0 ID-A si30 

SULFDRlCD 2.m NIA AI ID-A 20.90 

0 04/06/93 

16.30 32.70 46.00 19.79 
21.30 42.20 44.40 2049 
29.00 72.70 47.00 22.06 
29 QO Stlh 9261 1 33 !L5 



OU5 CHEMICAL EXTRACTION: STAGE I and INTERMEOIATE 

E 
TVPE m c .  pH 

S L J m  0.2N WA 
W E U A  

SULNRlCAClD 1:l (18N) -NIA 

SULmlC ACID 2.w NIA 
ACID 2 1  (12N) NIA 

ID RlN A 
. GROSS GROSS TOTAl TOTAL TOTAL 

ALPHA BETA ACTIVITY U U 
Ipcirml) IpcVml)  IpcUml) @pm) (me) I 

2.26 0.73 0.08 

AI ID-A 5.00 5.00 10.00 12.00 1 .@a 
2.03 AJ ID-A 4.55 6.94 

0 ID-A 3.13 3.58 6.71 4.70 1.02 

AU ID-A < 0.00 < 1.38 
7 3 7 - 7  -A 1.83-- 4.10 6.02 - 2.11 

11.50 12.50 

HYDROcHlORlC 
ACID 0.1N NIA AW ID-A < 088  < 138 2.24 0.23 004 

ACID O.SN WA AX ID-A < 1.28 * 1.37 2.65 000 0.00 
%WROCHLORIC 

HYDROCHLORIC 

ROCHlORlC 

ACID 1 .ON NIA AK ID-A 5.03. 1.86 6.08 0 6# 1.57 

ACID 2:t (4N) NIA AL IDA 7.86 296 10.80 2150 363 

ACID 1:l (W) WA P I D A  6080 6 88 67.50 7 s7 1.67 

I 

I OUSS'1INT XLS 
Rcru 3 0 W I W  (b 



I 

OU5 CHEMICAL EXTRACTION: STAGE I and INTERMEDIATE 

I 



L 
.I . . ACID 

HYDROCHLORIC 

OUS CHEMICAL EXTRACTION: STAGE I and INTERMEDIATE 

O.1N I NJA AW ID-A ' 004 -0.04%[ 10026% 
I I 

- IHYOROC~UORC I I I I I I I 1 

ACID O.6N NIA AX ID-A 0.13 12.9694 87.75% 
HYOROCHL ORlC 
ACID 1 .ON WA AK. ID-A 25.56 m . 0 4 ~  i 4 t . m  
~~ODROCHLOR~C 

. 

ACID 2:1(4N) ' WA A 1  ID-A 29.32 90.39% 1 6 2 . 2 ~  
HYDROCHLORIC 

a 



OU5 CHEMICAL EXTRACTION: STAGE I and INTERMEDIATE 



OU5 CtIEMICAL EXTRACTION: STAGE I and INTEflMEOIATE 

L 

HYO ROCHLORIC 

HY OROCHLORIC 
ACID 0.6N WA 

HYDROCHLORIC 

HYOROCHLORIC 
1 .ON WA AQ 10-8 400 2 09 8.17 7.55 1 25 ACID 

ACID 2:l (IN) WA AR 10-8 4.39 3.19 758 830 1.31 

2.49 c 136  3.85 3 60 0 69 ACID 0.1N NIA 8C 10.8 

80 10-8 2 02 2 15 4 07 3 10 066 - 

r 

ROCHLORIC 
ACID 

.:@ . 

1:l (W) NIA 8 10-8 1 .e6 2 40 4.26 4 87 0 07 -. 

I 

NITRIC ACID 
ITRIC ACID 

Ellm ACID 
ACID 

NlmC ACID 
J 

0.1N NIA 0 t  .ID8 2.72 1.71 4.43 5 32 0 01 
0.6N NIA 10.0 4.50 234 6.04 a 44 145 
1 .ON NIA AS 10-0 335 2 24 5.59 009 137 

2:l (5.N) N/A AT ID-8 2 59 2 61 5 20 8 53 1 4 1  
1:l (ON) NIA C ID-0 3 93 286 6 79 7 73 105 



OUS CHEMICAL EXTRACTION: STAGE I and INTERMEDIATE 
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OU5 CHEMICAL EXTWCTION: STAGE I and INTERMEOIATE 

ID EXTRACTION FLUID 
TYPE I m c .  I p+i 

I u I REMOVED I RECOVERY I I I I I I 

I ,.... , ,,,,, . , , l . : l , , . L  



CHEMICAL EXTRACTION 
ID SOILS 

STAGE 2 

. . .  . . . . . . . .  .... . -  
-. . 



Note- Page Sample Temp Conc Time Dose Filtration pH of Solids ppm U in solids % U  9LU 
Bookd I ID I Timelmin.) after Water Rinse ID-A oup flemoved Recovered 

1063 
1063. 
1063 
1063 
1063 
1063 
1063 
1063 
1063 
1063 
1063 
1063 
1063 
1063 
1063 
1083 
1063 
1063 
1083 

a 
0 

14 
14 
22 
22 
38 ' 
60 
38 
60 
38 
46 
46 
60 
60 
48 
48 
60 
60 
48 
46 

1063 ' 62 
1083 62 
1063 38 
1083 38 
1083 38 

6 
3 
6 
3 
3 
3 
6 
6 
9 
3 
6 
8 
12 
9 
12 
16 
18 
16 
18 
3 
6 
16 
18 
12 

800 c 
800 c 
800 c 

40° C 

40° C 

40° C 

40° C 
40° C 
40° C 
40' C 
40° C 

Ambient 
Ambient 
Amblant 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
30° C 

eo0 c 

12.0 N 4.0 Hrs. 
2.0 N 4.0Hrr. 
1.0 N 4.0Hr8. 
0.2 N 4.0Hr8. 
2.0N 2.0Hrs. 

2.0N 2.0tlrr. 

2.0N 0.6 Hr. 

2 .0N 0.6 Hr. 
1 .0N 2.0Hrs. 

1 .O N '0.5 Hr. 
1.0 N 0.6 Hr. 
2.0N 2.0Hrs. 
2.0N 2.0Hrr. 
2 .0N 0.6 Hr. 
2.0N 0.6 Hr. 
1.0 N 2.0Hrr. 
1.0 N 2.0 Hrr. 
1.0N 0.6 Hr. 
1.ON 0.6 Hr. 

1.60 N 1.26 tin. 

1.0 N 2.0 Hl8. 

1O:l 
1O:l 
1O:l 
1O:l 
7: 1 

4: 1 

7: 1 

4: 1 
7: 1 
4: 1 
7: 1 
4: 1 
7; 1 
4: 1 
7: 1 
4: 1 
7: 1 
4: 1 
7: 1 
4: 1 

6.6:1 

NR 
NR 
NR 
NR 
25 

> 120 
6 
11 
35 
44 
12 

>120 
18 
52 
16 

> 120 
47 
96 
68 

> 150 
85 
120 
.65 
30 

NR 
NR 
NR 
NR 

2.28 
2.41 
2.49 

, 2.22 
2.67 
2.44 
2.61 
2.61 
2.60 
2.4 1 
2.33 
2.67 
2.4 1 
2.66 
2.46 
2.49 
2.64 
3.02 
3.67 
2.61 

8.79 
12.60 
13.80 

409.00 
27.86 

30.67 

51.66 

36.07 
31.28 
38.36 
40.59 
38.14 
67.03 
67.61 
48.70 
62.84 
93.69 
66.09 
73.70 
69.86 
111.13 

36.61 

66.48 

38.16 

98.06% 
87.13% 
86.72% 
-18.36% 
84.66% 
82.47% 
84 .OO% 
87.32% 
89.86% 
82.2 1 % 
92.4 1% 
93.96% 
82.73% 
82.61% 
82.33% 
88.30% 
86.97% 
90.06% 
87.29% 
81.04% 

85.47% 

76.47% 

a6.34% 

a6.07% 

132.29% 
124.40% 
121.73% 
120.68% 
121.83% 
1 18.03% 
121.47% 
105.22 % 
1 16.88% 
115.32% 
119.23% 
106.58% 
123.64% 
118.41 96 
116.37% 
120.15% 
11 1.04% 
107.32% 
118.02% 
I 1  7.64% 
104.27% 
115.92% 
110.49% 
124.22% 

A -  

NR - Not Recorded 

OUSCEX :la Rev. 2.0 0410719 m 



Fernald OUS - Stage 2 Time and Temperature Tests with Nitric Acid 

Residual Oronium (ppm) in OU5 ID-A Nitric Acid Extracted Soils 

pH of Solids ppm U in solids % U  % U  Noto Paoa Sample Temp .Cone Time ' Dose Filtration 

b o k #  I 10 I TimeImin.1 aher Water Rinse ID-A Removed Recovered 
1083 4 8 80° C 8.0N 4.OHrr. 1O:l NR NR 4.87 08.90% 147.95% 
1083 
1083 
1083 
1083 
1083 
1083 
1083 
1083 
1083 
1063 
1083 
1063 
1083 
I063 
1083 
1083 
1083 
1063 
1083 
1063 

14 18 
14 16 
22 re 
2? 16 
68 . 3 
88 8 
70 3 
70 8 
88 9 
68 12 
70 9 
70 12 
88 16 
8 9  18 
70 16 
70 18 
82 3 
82 8 
82 8 

* 82 12 

NR - Not Rocordod 

8 O O C  
8 O O C  
8O'C 
800 c 
40° C 
40" C 
40° C 
40° C 
40" C 
40" C 
40° C 
40" C 

Ambiont 
Ambiont 
Ambiont 
Ambiont 
Amblont 
Ambiont 
Amblont 
Ambimt 

6.3 N 
1.0 N 
0.6 N 
0.1 N 
2.0 N 
2.0 N 
2.0 N 
2.0 N 
1.0 N 
1.ON ' 
1.0 N 
1.0 N 
2.0 N 
2.0 N 
2.0 N 
2.0 N 
1.0 N 
1.0 N 
1.0 N 
1.0 N 

4.0 Hie. 
4.0 Hrs. 
4.0 Hrr. 
4.0 Hrs. 
2.0 Hrr. 
2.0 Hrr. 
0.6 Hr. 
0.6 Hr. 
2.0 Hrs. 
2.0 Hrr. 
0.6 Hr. 
0.6 Hr. 
2.0 Hrr. 
2.0 Hrr. 
0.6 Hr. 
0.6 Hr. 
2.0 HI& 
2.0 Hrr. 
0.6 Hr. 
0.6 Hr. 

10: 1 
10:l 
10: 1 
1O:l  
7: 1 
4: 1 
7: 1 
4: 1 

.7:1 
4; 1 
7: 1 
4: 1 
7;l 
4: 1 
7: 1 
4:1 
7; 1 
4:1 
7: 1 
4; 1 

NR 
NR 
NR 
NR 
6 
20 
20 
13 
70 
36 
18 
11 
70 
60 
> 34 
34 
17 
66 
82 
46 

NR 
NR 
NR 
NR 
1.88 
2.08 
2.61 
2.42 
2.66 
2.48 
2.66 
2.62 
2.18 
2.23 
3.16 
2.88 
2.83 
2.81 
2.96 
3.80 

7.16 
8.04 

448.00 
396.00 
1 19.00 
30.68 
28.46 
20.64 
66.49 
61.63 
26.05 
44.60 
96.38 
97.22 
102.90 
98.91 
92.60 
106.40 
287.60 
110.12 

98.38% 
, 87.89% 

20.19% 
6.32% 
77.26% 
83.86% 
94.66% 
84.27% 
89.31 % 
88.38% 
86.12% 
01.49% 
79.67% 
80.49% 
81 30% 
81.27% 
82.39% 
79.77% 
4 1 .OO% 
80.03% 

122.44% 
101 54% 
82.13'16 
99.26% 
137.6696 
1 19.02% 
1 17.58% 
114.93% 
118.61% ' 

83.71% 
102.6696 
108.17% 
1 19.40% 
114.09% 
115.96% 
102.19% 
116.2996 
107.96% 
180.18% 
109.61 % 

.. . . 
: .J) Rtrv. 2 ( 193 



c 

eb 
e3 
00 

6 

Residual Uranium (ppm) in OU6 10.0 Sulfuric Acid Extracted Soils 

Book. ct IO I Timelmin) 10-0 oup Removed Recovered 
1055 11 1 80° C l8.ON 4.0Hrr. NR 13.41 87.24% 102.88% 

Noto- faam Samplo Temp Conc Time Oose Filtration VH ppm U in rolids % U  % U  

1063 
1063 
1063 
1083 
1063 
1063 
1063 
1063 
1063 
1063 
1063 
1063 
1063 
1083 
1083 
1063 
1083 
1063 
1063 
1063 
1063 
1063 

. 1063 
I063 

, 1063 

. 1063 

18 
18 
26 
28 
68 
68 
64 
64 
42 
68 
42 
68 
42 
64 
64 
68 
68 
64 
64 
62 
82 
62 
82 
42 
42 
42 

6 
3 

a '  8 
3 

- 3  
6 
3 
6 
3 

6 
12 
9 
9 
12 
16 
18 
16 
18 
' 9  
12 
16 
18 
12 
16 
18 

a 

Fernald OU5 - Stage 2 Time and Temperature Tests w t l b  Sulfuric Acid 

1O:l NR 
800 c 
800 c 
eoo c 
800 c 
40° C 
40° C 
40° C 
40° C 
40° C 

40° C 

12.0 N 
2.0 N 
1.0 N 
0,2 N 
2.0 N 
2.0 N 
2.0 N 
2.0 N 
1.0N 

1.0 N 

40° C 1.ON 
40° C 1.ON 
40° C 1 . O N  

Ambient 2.0 N 
Ambient 2.0 N 
Ambient 2.0 N 
Ambient 2.0 N 
Ambient . 1 .O N 
Ambient 1 .O N 
Ambient I .O N 
Ambient 1 .ON 
30° C 0.6N 

Ambient 0.2 N 
Ambient 0.2 N 

4.0 Hrs. 
4.0 Hrs. 
4.0 His. 
4.0 Hrs. 
2.0 Hrs. 
2.0 H n .  
0.6 Hr. 
0.6 Hr. 
2.0 Hrr. 

2.0 Hrs. 

'0.6 Hr. 
O.6Hr. 
0.6 Hr. 
2.0 Hrr. 
2.0 His. 
0.6 Hr. 
0.6 Hr. 

2.0 Hrs. 
0.6 Hr. 
0.6 Hr. 

1.26 His. 
0.6 Hr. 
0.6 Hr. 

2.0 Hr6. 

10: 1 
10: 1 
10: 1 
10:1 
7: 1 
4; 1 
7: 1 
4: 1 
7; I 

4: 1 

7: 1 
7: 1 
4: 1 
7: 1 
4: 1 
7: 1 
4: 1 
7: 1 
4: 1 
7: 1 
4: 1 

6.5: 1 
7: 1 
4 : l  

NR 
NR 
NR 
NR 
22 
15 
59 
23 
4 0  
38 
12 
20 
4 0  
44 
20 
70 
93 

> 120 
125 
88 
72 

60< x < 76 
18 
56 
62 

i 54 

NR 
NR 
NR 
NR 

6.28 
6.69 
6.23 
6.18 
6.63 
6.4 1 
6.68 
6.62 
6.64 
6.74 
6.67 
6.64 
6.53 
6.09 
6.95 
4.88 
6.30 
4.79 
5.65 
6.56 
6.61 
6.64 

15.20 
8.69 
18.40 
45.70 
17.79 
32.98 
24.82 
27.46 
26.20 

76.64 

19.85 

38.82 
22.89 
32.69 
26.70 
27.04 
28.04 
60.12 
30.7 1 
68.94 
278.54 
443.26 
2'78.29 

22.83 

33.86 

23.24 

96.84% 
98.12% 
98.18% 
89.90% 

93.72% 
96.10% 
94.34% 
86.14% 
96.73% 
84.38% 

96.06% 
95.45% 
91.81% 
86.84% 
93.84% 
95.10% 
94.71% 
94.16% 
88.93% 
93.37% 
85.09% 
44.47% 
12.38% 

. 47.12% 

9 ~ 1 2 %  

93.93% 

109.46% 
111.35% 
123.92% 
130.69% 
88.99% 
81 -48% 
90.00% 
87.00% 
97.30% 
91.65% 
98.43% 
84.29% 
97.16% 
85.80% 
83.47% 
97.31 96 
87.39% 
87.65% 
75.9896 
86.06% 
86.8396 
77.92% 
84.2596 
87.9896 

81.9596 
91.4im 



fernald OU5 - Stage 2 Time and Temperature Tests with Nitric Acid 

. I. 

’.. . I  

I -  

.* (.. 
3 . . .- 

1... 

R8sidual Uranium (ppml in OU6 ID-0 Nitric Acid Extracted Soils 
I Noto- Pa00 Sampk Tamp . Conc Time Dose Filtration pH of Solid, ppm U in rolids % U % U  1 
1 k k 8  8 ID 8 Timetminl after Water Rinw 10-8 Removed Recovered I 
1066 11 3 80° C 8.0 N 4.0 Hrr. 1O: l  NR NR 2.34 99.66% 100.98% 
1063 
J 063 
1063 
1063 
1063 
1063 
1063 
1063 
1063 
1063 
1063 
1063 
1063 
1063 

1063 

1083 
lQ83 
1083 
1063 
1063 
1063 
1063 

. 1063 

1063 

18 18. 
18 16 
28 18 
28 16 
86 . 3 
86 
78 
78 
86 
86 
78 
78 
74 
74 
78 
78 
86 
88 
82 
82 
74 
74 
74 
74 

NR -.Not R8cord8d 

0’ ?NIT .XCS 

8 
3 
6 
9 
12 
9 
12 
16 
18 
1s 
18 
16 
18 
16 
18 
3 
6 
9 
12 

80° C 
8 O O C  
eoo c 
80° C 
40° C 
40° C 
40° C 
40° C 
40° C 
40° C 
40° C 
40° C 

Ambirnt 
Ambient 
Ambient 
Amblant 
Ambiont 
Ambiont 
Amblont 
Ambirnt 
30° C 
30° C 
30° C 
30° C 

6.3 N 
1.0 N 
0.6 N 
0.1 N 
2.0 N 
2.0 N 
2.0 N 
2.0 N 
1.0N 
1.0 N 
1.0 N 
1.0 N 
2.0 N 
2.0 N 
2.0 N 
2.0 N 
1.0 N 
1.0N 
1.0 N 
1.0N 
2.0 N 
2.0 N 
1.ON 
1.0 N 

4.0 Hra. 
4.0 Hrr. 
4.0 Hrr. 
4.0 Hr8. 
2.0 Hrr. 
2.0 Hrr. 
0.6 Hr. 
0.6 Hr. 
2.0 His. 
2.0 Hrr. 
0.6 Hr. 
0.6 t i r .  
2.0 Hrr. 
2.0 Hrr. 
0.6 HI. 
0.6 Hr. 
2.0 Hr8. 
2.0 Hrr. 
0.6 Hr. 
0.6 HI. 
2.0 Hr8. 

2.0 Hrr. 
2.0 Hr8. 

2.0 Hr8. 

1O:l 
1O:l  
1O:l 
1O:l 
7: 1 
4: 1 
7: 1 
4: 1 
7: 1 
4: 1 
7: 1 
4: 1 
7: 1 
4: 1 
7: 1 
4: 1 
7:l , ,  

4: 1 
7; 1 
4: 1 
7: 1 
4: 1 
7: 1 
4:l * 

NR . 

NR 
NR 
NR 
19 
19 
20 
1 1  
32 
19 
23 
19 
60 
61 
28 
27 

> 40 
40 
80 
19 
36 
24 
64 
40 

NR 
NR 
NR 
NR 
2.67 
2.66 
2.63 
3.06 
2.77 
6.33 
3.56 
6.13 
3.00 
2.61 
3.04 
3.34 
3.24 
6.18 
3.65 
8.46 
2.49 
3.32 
3.20 
3.33 

3.68 
9.81 
22.80 
163.00 
17.63 
31.39 
26.08 
28.76 
40.22 
468.60 
41.84 
628.63 
27.99 
32.37 
482.1 7 
39.78 
38.48 
610.36 
68.63 
466.03 
18.19 
28.87 
49.88 
82.97 

99.47% 
98.43% 
.96.22% 
65.62% 
97.27% 
94.93% 
98.16% 
96.77% 
94.38% 
22.84% 
93.96% 
1 1.63% 
96.92% 
96.23% 
28.47% 
93.92% 
93.98% 
13.22% 
91.22% 
24.20% 
97.81 % 
96.01 % 
92.63% 
87.60% 

112.36% 
116.35% 
138.06% 
121.57% 
96.25% 
92.29% 
96.82% 
91.53% 
93.61 % 
77.76% 
92.37% 
88.91% 
91.45% 
88.73% 
159.55% 
90.70% 
94.24% 
86.9296 
95.94% 
76.20% 
76.05% 
67.4496 
93.78% 
86.05% 

G 
,sJ 
c-3 

- 0  
€3 
c2 

Rev. 2.0 ‘‘filO7t93 
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FERNALO OU5 IO SOllS STAGE 2 - COMBINE0 PHOCESS 
Test ill - Attrition Scrubbin0 with Sodium Carbonate/ Bicarbonate followed by Chemical Exuaciion with Sulfuric Acid 

OUSPE '1s Rev. 1 .2 03 



Comrld CRUS - Ctrgo 2 Toa~lng 
Tool 81. Allfieon Scrubbin@ wilh 0.25 M Sodium ~orbonoIo/Btcorbonrlo ~ullowod by ChemicJ Enitaction wilh 2.0 N Sullut~c AcrJ 

Sb 
sa 
SI 

l h  
TI 
u 
W 
In 

I I 
IO . A 10. A O W  ID A 1 0 . A W P  ID . A ID - A 

A u o i o ~ o  
Cnnr-ma,-t...n 

Atti.  Scr.. 16 mnr Avafrgo AUI. See.. 16 mna All#. Scr: 16 rmnr 
m.Xlll.* 7:1+ 40 .C, 0.5 ht. Conconlfalion Chom.X!i!.. 4:l. 40 *C. 0.6 hr. Ch.m.Xitl.- 4:l. 10 .C. 0.6 hr 

<0.042 <2.10 <O 042 < 2  I O  <0.042 e2 .10  <O 042 <2.10 <0.042 < 2  1 0  COO42 < 2  10 
e o . o e 7  < 3.36 e0 .087  < 3  36 <0087 e 3 3 5  t o  067 <3.35 <0.067 <3  36 <0061 <3 35 

64.2 183 6 48 2 268 39.9 312 ne e 209 53 25 I10 31.2 107 
w e  e et 3.23 8 81 2 845 7 71 5 45 8 86 e .e4  0.31 6 0 4 5  I 4 8 5  

<o 12 <e 00 <o 12 < 8.00 < 0 1 2  4 e 0 0  <o 12 < 8  00 e 0 . 1 2  < 8  00 < O l 2  < 6 0 0  
34.3 29 1 43 2 83  8 3 8 1 5  4 6 4 5  64 5 39 6 05 e 88 9 7505  >l-iS 

-_-- 3 16 - _---- I 3  55 1 AS I I  0 1 74 1 1  e I695 3 24 I 2  8 4.28 I 1  7 
3 l a  28 2 3 99 28 6 3 955 28 4 1 1 9  18 3 8 88 15 2 8035 2 5 7 5  

14 6 

__ _ _  
Motrla Ala.  Sa.- 16 mini 

.... .~ - ___. --..--....-.. I.. p9m Ch.m.Xtfl.. 7:I, 40 *C, 0.6 k. Ch. 

ENlfBCl 1 Solido Ertrrct ’ Sdidr Ertfocl Sdldo 

338 ‘930e 687.6 0815.6 

Crtrrc1 Solid0 LNtIaC8 I Solido 1 Cntracl 1 Solido 1 
<O.M e0.003 <O.lS <0.16 <0.003 Ap <0.003 <O.lS e0.003 I CO.16 I <0.003 I eo.15 I 

I 
I85 A1 371 805s 

A0 <o.os , < 2.6 
0 <0.008 . ’ 12.7 

<0.06 < 2.6 <0.06 <2.6 <o.os < 2.6 *0.06 < 2.6 <0.05 <2.s 
<0.009 <0.48 <0.008 8.58 . <0.008 3.10 <o.ooe 11.2 . <0.008 7.19 

71.2 0.112 01.25 
<0.10 

0.12 83.4 0.1336 85.65 0.108----- 81.3 o.1ie 0a 0.147 e7.9 

0. i0.002 I <0.10 <0.002 eo.10 I <0.002 CO.10 I <0.002 <0.10 <0.002 e0.002 <0.10 
C. .a1 
Cd I 0.217 I 0.214 I 0.2166 I ~ 0 . 2 5  I I 0.66i 

~ __  

186 I 2.815 I I .6C 

4 i . e  1313 41 8 1!,1?& 

7 1.35 1 4 0  21e 181 66 I40 1355 l2& 
245 514 I382 676 I209 5 4 4 5  13355 

4 8 2 5  198.5 719 322 272 340 495 6 33 1 

u p  242 1289 248 1268 

Mo <0.007 <0.36 

MI O.Bl7 9 41 

m 0.1 1 1 11-7 I 0 .874 11.4 o m e  i 8 s s  0 850 

Mn 70.8 1 !4 71.9 I ee 

Na 397 216 628 10 1 
<o 007 <o 35 <0007 ~ 0 3 5  <O 007 <o 36 <o 007 <o 36 < 0 0 0 7  z 0 - 5  

2 83 036 , 18085 9385  2 10 7 54 2 ae 7 18 2 4 8  1 3 %  
.---- 

I 

I 

OUSS2lCP X I S  
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io 
Mot& AMI. scr 

pp(n Chrm.Xtrt.-I: 
EUII~CI 

Ap e0.003 
AI 66) 
A* <O.db 
8 <0.000 
Bo 0. ioa 
B. <0.002 
CI' 808 
Cd 0.242 
co 0.861 
CI 1.34 
CU 2.27 
h 1 I42 
a 2B.8 

<0.007 + e 0.I.O e e0.087 

<o. t 2 +kr 
a . 0  

Forndd CRU6 - 9i.w 2 fertlng 
1081 81- Alirition S c r u b b ~ ~  wiih 0.16 M Sodium Ce ibo~ I~ l&ce~bone io  lollowed bv Chbmcd Lntrociion with 1.0 N Sulluiic Acid 

10 - B O W  ID - B ID . 8 ID - B DUP ID . B 
Avorogo AIII. Scr.. 16 mine AIII. Sei.. 16 mne AUbl.@b 

Conconl~riion Chom.Xtrt.- 4:l. 40 .C, 0.5 hr. Chun.Xt18.. 4:1, 40 O C ,  0.6 h ~ .  Concrnireiion 
ENII~CI I Sdula 

<o.ooa I <o.is <0.003 I <0.16 <0.003 .I ' eO.16 <0.003 I <0,16 
Ertrrcl I Solidr EWMI I Sdidr EIIIIMI I solrdr 

631.6 I 13200 I 1267 I 7046 I 8232 I 11070 I 1244.6 I 0067.6 
<o.os I <2.6 I <O.OS I < 2.s 2.88 < 2.6 I i.aes I < 2.6 

334 66.36 a4a 60.3 ae7 663 ess 68.1 
2.006 . 3.43 4.18 6.B2 4.20 8.72 4.19 e.32 
<0.12 <e.oo <0.12 < 6.00 *o. I2 < e.00 < O . l 2  ~ 6 . 0 0  

11.7 14.5s 51.1 23 63.4 29 52.25 26 

3.ets 10.1 7.70 19.9 6.10 23.0 e.94 21 0s :+j 
I .456 ie.8 3.31 8.23 3.20 14.e 3.255 I 1  115 ;$ 

{?2 
3 
3 a 

t ICP.XLS Rov 1/22/93 
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09 FERNALD OU5 ID SOILS STAGE 2 - COMBINED PROCESS 

Test #2 - Chemical Extraction with Sulfuric Acid followed by Attrition ScrubbinQ with Sodium Carb 

. IL ,-. 

-.. 

natr Bicarboiraicr 
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e 

e 
8r 

C I  
Cd 

8a 

co 

CU 

K 

CI 

Fe 

rce 

Mo 
un 

N I  
N .  

F ornrld CRUl - Slagr 1 Torling 
Tell  I 2 -  Chamml Edraclm wlh 2 0 N Sul lur~  Acid Iolbvmd by'ANiilion Scrubhng wdh 0 25 M Sodlurn Cubonrlo I B ~ n b o r u l o  

a0 06 a2 5 a0 05 42 5 .O 05 42 5 .O 05 ~2 5 .O 05 a2 5 

0055 91 0 OOSO 83 0 00516 870 0 014 83 0 010 mt 00165 WSS 
004 24 8 002 266 * O m 9  658 0 01 304 .O 009 41 5 eo009 3995 

eo 002 .O I O  .O 002 .O 10 .om2 .o I O  eo 002 .o 10 .O 002 a0 10 .om2 ao IO 
7 72 ,1266 17 I *8286 12 41 * l a  a28 0 ,1286 *28 0 ,1268 - ~ 2 a  0 .I266 

go MI 42 8 40 007 32 8 80 m 7  37 8 .O 007 3s .O 007 49 8 go 007 
0 192 8 62 0 118 9 0 I69 8 81 0 052 156 0058 18 9 

e0 005 294 .O m 3 4  .om (02s .O 005 4 62 .O 005 480 *0005 a025 
.O 003 5 61 .om3 I 568 *om3  US eo 003 5 07 ao 003 5 55 eo 003 5 31 

42 4 
22 25 

420 745 . 4w 639 4 57 692 7 74 ljol 850 1192 8 12 13% 5 

.-- 
0055 -- 

826 *m0 N *M0 ,1350 ,300 *I350 ,300 *!= 

*O 007 a0 3s .O 007 .O 35 a0007 e035 go 007 .O 35 .O 007 .O 35 go oor 40 35 
~ 1 9 7  *I800  *197 *1600 ,197 *I97 *164(1 ~ 1 9 7  *1600 a197 1600 
0 W I  200 .O 01 I 49 6 . O O l l  202s eo 01 1 201 .O 01 1 28 4 * O O l l  2425 

134 . *J081 0 367 ,3061 08535 ,3081 .a 003 .JOB1 SO 003 *-I a0003 

0050 31 2 0 041 342 0 0485 327 O M 6  20s 0 144 118 01 215 5- 

---__. ---- 

Pb .O 031 
8b *O 042 
S I  a0 I 7  
sl 538 
Th 0460 

U oflo 

Zn go m3 

TI .O 11 

v 0 I39  

I-' 15S212 XLS 

32 3 .O 031 184 a0031 3085 .O 031 .I 5s .O 031 4 I a 0  031 * I  55 
.2 IO .O 042 42 10 .OM2 .2 10 .o 042 .2 IO *o a42 a2 IO .OW2 a 2 1 0  
.3 3s .o 087 .3 35 a0087 4 3 5  .O OB7 83 35 .O 067 .3 35 .O067 4 0 6 7  

564 161 69 7 350 63 05 3 8s 884 222 71 S 3 035 1 9 9 5  
I 2  4 0 690 62 00 01545. .~~ 7 2  .O 040 .2 00 40 10 42 m . o w  .loo- 
e6 00 .O 12 d6 00 g o  I 2  a6 m .o 12 a8 00 .O 12 .e 00 40 I2 4 m 
j o s  14 8 4 m 12 35 18 85 10 I 4 7  m 12 2 *7 00 11 15 .7 00 
17 I 0 I26 15 6 01325 1635 0 078 17 4 0 092 19 2 0004 i a  3 
503 do m3 5 8 2  . .om3 5315 .O 003 523 .O 003 551 40 003 53 7 

-- 

.-_I_ 
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Fernald CRUS . Stage 2 Testing 
Tesl I2-  Chemical Emiraclmn mlh 2 0 N Sulfuric Acid followed by Allrdion Scrubbing wllh 0 IOM Sodium CarbonalelBlcarbonate 

ICP results afler Chemical Emiraclion Only 

I I I I I IO - A' OUP ID - A I O - B  . ID - B DUP 10.8 
Average Averase 

OU5SZT2C. :. Rev 1.3051106l m 



0' 

lo - 8 

10 - 0 

FERNALD OUS ID SOILS STAGE 2 - COMBINE0 PROCESS 
Test #3- Attrition Scrubbing with Potable Water lollowed by Chemical Extraction with Sulluric Acid 

liquid 1.44 ~ 1 . 0 1  <1.66 2.67 
2: 1 N I A  0.26 solid 347.89 185.00 204.00 399.00 

liquid 13.61 8.84 6.73 14.70 
2:l N I A  0.26 solid 363.63 485.00 313.00 788.00 

liquid 12.74 6.48 5.12 11.60 

~esults from Attrition Scrubbing 
Soil Oose Conc. 

fluid : 

'CE.XLS Rev. 1.3 "'92193 



f 0fMld CAU6 Shgr 2 lerltny 
Ted 13- AIlrllon Scrubbrng wdh Polable Wale1 ldlowed by ChcmKal Erlrrcllon wlh 2 0 N Sulfur Acld 
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e 

Mrldo 

ppm 

Ap 
AI  
A8 

0 
88 
0. 
c. 
Cd 

e 

Y ) - A  10 - A,OUP ID - A ID -A  10 - A DUP ID .  A 

Atti. SOL- 16  mi^ Atti. Sar.. 16 minr Avrrrgr ' Attr. Scr.. 16 a n i  . AUI. Sat.- 16 miru Auoirgo 

E n t r r c ~ ~  (idid. Entramtun Sdidr Entrrctrnt Solido Entractmt Sddo Entractant sdidr Entiatant SoMr 
<0.003 <0.16 <0.003 ' <0.16 ~ 0 . 0 0 3  c0.16 <0.003 <0.16 <0.003 <0.16 <0.003 c0.16 
>1BS ' >os27 > 199 >.a27 > 199 >OS27 > 189 > 0927 > 199 > 8927 > 19s >a927 
c0.06 < 2.6 <0.06 < 2.6 < 0.06 < 2.6 e0.06 c 2.6 <0.06 c 2.6 <0.06 < 2.6 
1 .84 20 1.78 . 22.7 1.81 21.36 3.61 20.4 3.04 2a.4 3.276 21.4 

0.129 96 0.002 01.7 0.1066 96.86 0.127 97.3 0.114 . 82.4 0.1206 89.86 
<0.002 <0.10 <om2 <0.10 <0.002 <0.10 c0.002 <o. 10 <0.002 <o* 10 co.002 <0.10 
> 20.00 > m e  > 20 . >12ee >21.00 > 1 ~ e  > 1288 > 28 > 12ee > 28 > i i a a  > N  ~~~~~ ~~ ~ 

0.296 2.67 0.28 2.82 0.2876 2AS6 0.6au 2.73 0.399 2.m 0.48 2 . a  

C h .  Xtrl.-7:1, 40 .C, 0.6 Iw. C h .  Wtr(.. 7:1, 40 .C. 0.6 hi. Concqntrmtlon Chrm. Xtrt.. 4:1, 40 .C. 0.6 Iw. Chun. Xtn.- 4 1 ,  40 .C. 0.6 hr. Concantiation 

1 

~~~~ 

Crmrld CRU6 - f i r00  2 Irrtlng 

Tort I 3 .  Attrition Scrubbing with Potrblr Wrtrr lollowrd by,ChmnwJ Catirclion with 2.0 N Sulluric Acd " 

c o  
.c I 
. cu 

I( 

Mp 
Mn 
Mo 
NI 
Nl 
Pb 
Sb 

SI 

f. 

S I  

l h  
TI 
U 

. v  
2n 

0 . m  3.92 0.608 4,84 0.782 4.30 1.46 3.71 1 .as 4.34 1 .3s 4.025 
1.34 22.7 0.91 20.a 1.126 21.66 2.14 2e.2 1 .73 1B.B 1.936 23.06 
1 .48 8.66 1.18 B.69 1 .336 B.076 2.64 . ' 8.26 tat B.7a 2.38 8.606 
> ee >aoai ee > aoe I >ea > 3oe1 >ea > 3oa1 >ee.o '. >a011 > ae.0 >)oat  
47.8 a12 16.6 848 31.66 880 76.9 1432 24.6 076 so. a 1153.6 
> 30 >tam > 30.0 > 1350 > 30.0 > 1360 > 30.0 > 1360 > 30.0 > 1360 > 30.0 > I360 
> 23 202 > 23.0 . 330 > 23.0 > 23.0 >23.0. 100 >23.0 262 

~ 0 . 0 0 7  <0.36 <0.007 <0.36 c0.007 c0.36 c0.007 <0.36 <0.007 c0.36 <0.007 <0.36 
7.a4 48.8 2.01 6e.a 6.076 ' 63 11.6 87.2 6.02 67.1 o.za 72.15 

2B.6 0 . w  28.7 1 .063 2s. 1 1.24 2s.a 1.63 27.7 1.386 28.66 1.10 
< 2.10 Gd.Oi2 < 2.10 <0.042 c2.10 c0.042 c2.10 <0.042 c2.10 <0.042 < 2.19- ~ 0 . 0 4 2  

. 220 

' 3.06 16.2 0 . m  13.3 1 .gem 14.26 3.32 16.1 1.73 11.7 3.626 13.4 

~3.36 <o.oev <a35  <o.oe7 c 3 . 3 ~  co.oe7 < 3.36 <o.oe~ <3.35 <o.oa7 <3, ;  
>113 87.6 > I 1 3  79.8 <0.02 111 a113 89.2 6 6 . 6 L  .--. 0 3 . R L  
4 .OS B.71 4.04 &.)a6 e.s4 < 2.00 <0.040 10.7 3.49 a.35 4.03. a m  

< O . l i  e;oo <0.12 < 6.00 <0.12 < 6.00 *0.12 < e m  0 I 2  < 6.00 < o . u  < e.00 
e3.10 61.8 62.0 49. 1 67.66 60.46 111 71.2. 98.2 71 1 0 4 6  -- 

- - 4 m  
1.BB ~ 13.30 1 . M  13.4 1 .926 13.36 3.61 10 0 2.93 14.3 3 i L  

4.46 46.e 4.436 44.46 0.41 43.3 8.2 44.8 a. 30s 
I T 

~0.017 
> I 1 3  12.1 

---- --e 
P I  1 

I6 16 . 

. 43.3 4.42 

I _.- 
' %a . (. " ,  



Foinbld CRUS . 01.- 2 looting 

Tort 83. Atttili@n Sctubbinq with Potablo WOW lollowod by Chonllcd Erirasiton with 2.0 N Sullutic Actd 
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FERNALO 005 ID SOILS STAGE 2 - COMBINED PROCESS 
lest #4 - Atrrltlon Scrubbing with Sand and Sodium Carbonelel Bicarbonate Only 
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CD 
m '  
a FEANAlO OU5 IO SOILS STAGE 2 - COMBINE0 PROCESS 

Test #6 - Chemical Extraction with Hydrochloric Acid (HCI) tollowed with Sodium Carbonate/ Bicarbonate (SCBI 

OUSPS '2 2 I '9 



ID 
M8Wr Cha.XtfI.n 

ppm . Ambi 
EIllfWl 

Am <0.003 
AI 240 

' A S  'a <0.06 
9 1.31 
88 8 2 2  
Be <0.002 
c8 > 2907 
Cd <0.006 
co 0.63 
Cf 0.97 
CU 0.99 
Fa 1029 
K 46.8 

MQ 807 
Mn 73.8 
Mo <0.007 
N8 19 
Ni. 0.76 
Pb 3.4 
Sb e0.042 
so e0.067 
Si 88.8 
Th 2.01 
TI <0.12 . 
U 35.9 
v 1.43 
Zn 2.46 

Fmfnrld CRU6 - Stram 2 l e u h a  
Test I6-Chemicrl Ertraction with 1 .O N Hydrochloric Acid tollowed b\c 0.8 M Sodium CsrbonatelBicerbonats 

~ ~~ ~- ~~~~ 

ID - A I Chrm.XUI.- 7:1, , 1.0 hi. I Chrm.Xtrt.. 4:1, 1.Otu. I ChehXt1t.- 4:1, 1.0 hr. 

ID * A ID - A * A  
7:1, 1.0hr. 

nt HCI Ambient NslC03/HC03) Ambient HCI Amblant NalC03MC031 
Solldr Ewtrecl I Solid8 Exlfrcl I Solid8 Extrrcl lsolidr 

I - 
<0.1s <0.003 ~ 0 . 1 6  e0.003 <0.16 <0.003 <0.1s 
14670 ~ 0 . 0 0 4  13470 346 12600 0.691 12480 
e2.6 <0.06 < 2.6 <0.06 < 2.6 <0.06 <2.6 
19.9 I 0.66 C0.45 C0.009 c0.46 0.716 C0.45 
46.1 0.014 48.3 11.6 39 .O 0.02a 44.1 
<o. 10 <0.002 <0.10 <om2 <0.10 <0.002 <o. 10 

131 30 102 14-1 68.6 34.2 81.9 
20.3 < 0.040 12 2.74 17.7 0.39 13. I 

< 6.00 <0.12 < 6.00 <o. 12 6.00 eo. 12 < 6.00 
7S.6 2.49 61.9 49.9 73.9 4.21 49.8 
20.9 0 .07  17.2 1 -8 1 7 3  0.11 * 16.6 
43.4 0.03 43.3 4.19 40.9 0.05 42.4 

WiS2T5.  XLS R ? 04/09/93 



Ferndd CRUS - Stage 2 Teiilng 

Test 15-Chemical Extrection with 1 .O N Hydrochloric Acid lollowed by 0.8 M Sodium Cerbonote/Bicsrbonats 

MeIihlS 

PPm 

Aa 
AI 
AS 

8 
00 
Be 
CB 
Cd 
co 
CI 
CU 
f e  
K 

Mp 
Mn 
Mo 
N1 
Ni 
Qb 
Sb 
So 
Si 
Th 
TI  
U 
v 

10 - A ID - A ID * A ID * A 
Che#n.Xttt.- 7:  1; 1 .O hr. Chem.Xtrt.- 7:1, , 1.0 hr. Chm.XIrt.- 4:l. 1.0 hf. Chem.Xttr.- 4:l .  1.0 ht. 

I 40 C HCI 40 C Na(C031HCO31 40C HCI 40 C )Js/CO3/HC031 
Extract Solids fwtract Solids Extract Solids Extract Solids 
C 0 . 0 0 3  <0.16 <0.003 <O.M C 0 . 0 0 3  <0.16 C 0 . 0 0 3  40.16 

364 1 O l S o  <0.004 13260 585 12240 <0.004 12970 
<o.os < 2.5 CO.05 < 2.6 C0.05 < 2.5 <o.os 42.6 

1.7 39.9 0.599 23.4 <0.009 C0.45 0.624 21.1 
10.1 89.3 0.003 . 61.3 18.2 51.9 0.14 52.0 

<om2 . eo.10 c0.002 <o. 10 < o m 2  <o. 10 < o m 2  <0.10 
>2W7 1989 9.32 24 18 > 2907 1504 8.4 1 1570 
0.32 6.98 <0.006 3.8 0.6 1 3 44 co.005 3.18 
0.88 13.2 <0.003 6 9  1.02 7 80 40.003 8.18 
0.98 80.9 40.007 69.8 1.69 50.2 0.08 62.8 
1.52 9.38 0.07 9.61 2.24 8.77 0.2 8.46 
862 27480 3.14 15380 1511 14270 7.81 13660 
65.8 1838 8.13 2572 84.5 1917 14.1 237 1 

66.1 11.3 0.31 385 108 5 20 0.86 4 23 
eO.007 <0.36 40.007 40.35 C0.007 C0.35 <0.007 <0.36 

22.1 1422 2 70 14290 22.1 202 120 121 10 
1.08 32.9 40.01 1 4 0  8 1 A9 29.8 <0.011 36.7 
4.48 < 1.65 <0.03 1 < 1.55 7.38 < 1.55 0.03 1 < 1.56 

1533 1894 16.4 2414 1199 2200 14.2 - 2196 

e0.042 < 2.10 40.042 ' e2.10 <O.042 <2.10 <0.042 <2.10 
~ 0 . 0 6 7  <3.35 40.087 c 3.35 ~ 0 . 0 6 7  c3.35 ~ 0 . 0 6 7  < 3.35 

138 90 6 41.6 58 3 83 8 87.2 51.8 77  7 
2.96 23 <0.040 < 2 0 0  4 9  < 2 0 0  0.5 < 2.00 

<o. 12 ~ 6 0 0  <o. 12 c 6.00 C 0 . 1 2  < 6.00 <0.12 ~ 6 . 0 0  

61.5 69 4 3.4 < 7 0 0  95.8 69.6 8.69 < 7.00 
1.64 2 6  6 Q .Q9 19.4 2.69 19.2 0.25 18.7 

59.7 0.03 46  6 39.2 0.19 40.3 

.. .. - .  ..^.^^ 
OU5S2T5 X1.S 



fornrld CRUS . Strge 2 lortlng 
Test #&Chemical ErIrrcIion wilh 1 .O N Hydrochloric Acid followed by 0.8 M Sodium Crrbonate~icsrbonale 
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Mstrlr 
PPm 

Ap 
AI  

AS 

B 
ea 
86 -" 
Ce 
Cd 
co  
CC 
cu . 
Fe 
K 

Mp 
Mn 
Mo 
Na 
Ni 
Pb 
Sb 
Sa 
Si 
Th 
TI 
U 

2n 
V '  

Test 15-Chsmicel €xrraction with 1 .O N Hydrochloric Acid tollowed by'0.8 M Sodium CerbonatelBrerbonaIe 

IO - 8 ID - 8 ID . B ID . 8 
Chrm.Xtr1.. 7:1, 1 .O hr. Chom.X~rt.- 7:l. , 1.0 hr. Chem.Xtrt: 4;1, 1.0 hr. Chem.Xttt.- 4:l.  1.0 hr. 

4OCHCI - . 4 0 C  NalC031HC031 4 0 C  HCI 4 0  C Na(C03MC031 
EXtf8Ct Solids €rtrect Solids Extrrct Solids Extract . Solids 
<0.003 <O.IS <0.003 <0.15 <0.003 <0.15 e0.003 <0.16 

724.  14430 -<0.004 ' 7455 I 2 0 2  * 19050 3.94 ' 6233 

2.72 0 .46  0.64 1 e0 .46  <0.009 26.4 0.725 < O M  
10.1 43.7 0.009 32.0 17.7 64.4 0.056 22.4 

e0.002 <0.10 ' <0.002 co. IO <0.002 <0.10 <0.002 <o. 10 
> 2907 2139 11.7 2039 > 2907 4243 48.7 4008 

0.8 I ;96 <0.005 I .47 1.43 2.10 c0.005 ~ 0 . 2 5  
0.72 2.29 <0.003 2.12 1.04 2.42 e0.003 <a15 
1.84 33.9 <0.007 34.4 2.84 62.6 <0.007 23.7 - 
3.89 4.93 0.09 4.03 5.9 5.29 ' 0.16 . 14.9 . 
2594 8414 0.59 5964 45 10 8139 12.4 4753 
22 1 3517 16.3 2058 36 1 6590 20.4 2076 

> 2464 2904 16.3 1978 , >2464 3358 40.3 1803 
69.1 57.4 0.06 51.1 115. 75.1 0.31 44.9 

' ,  0.14 C0.35 <0.007 ' ~ 0 . 3 5  <0.007 < O X  <0.007 <0.35 

44.3 123 1 I 8  22880 61.6 277 119 22260 
1.63 18.3 0.01 1 22.9 2.44 33.9 <0.011 13.9 

1.31 ' < 1.65 < 0.03 1 < 1.55 1.83 C 1.55 ~ 0 . 0 3 1  39.7 

C0.042 c 2 . 1 0  ~ 0 . 0 4 2  c2 .10  * c0.042 <2.10 ~ 0 . 0 4 2  c2 .10  

$0.067 c3.35 c0.067 < 3.35 c0.067 < 3.35 ~ 0 . 0 6 7  <3..35 

2.28 < 2.00 c. .OIO < 2.00 3.5 < 2.00 0.23 <2.00 
< 6.00 <o. 12 < 6.00 <o. 12 < 6.00 <o. 12 < 6.00 e0.12  

41.1 < 7.00 1.09 c 7.00 . 55 < 7.00 3.21 '< 7.00 

CO.05 < 2.5 <0.05 < 2.5 C0.05 I c2.5  <o.os ~ 2 . 6  

11.6 99.5 106 70.1 8.42 00.6 84.2' .. 60.8 

~ - ~~~~ ~ 

1.72 13.5 0.06 4.32 2.65 23.4 0.16 3.69 
5.18 18.5 <0.003 14.6  8.38 15.9 0.06 11.4 



STAGE 2 
PHYSICAL SEPARATION/ 
CHEMICAL EXTRACTION' 
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. .  

, , >. ..- . .. 

. .  . ,." ;F.l 



. L ! J '  A .  p 
' 9 9  . .  

.. , ,  

FEHNALO OU5-A STAGE 2 - COMUINEO PROCESS 
Test #1- Attrition Scrubbing with Sodium Carbonatel Bicarbonate followed by Chemical Extraction with Sulfuric Acid 

OUsApSc. Rev. 1 .O 05/10/9 
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Fernald CRUS Stage 2 Testing OUS-A 

Test #l - Attrition Scrubbing with 0,25 M Sodiirin CarbonatelBicarbonate followed by Chemical Extraction with 2.0 N Stilluric Acid 

> 2mm - OU5-A 
UNEXTRACTEO 

Solids 
<0.018 
6139 

~ 0 . 3 2 3  
12.02 
31.08 
< 0.01 3 'r 

> 2mm - 0US.A 
UNEXTRACTEO 

Solids 
c0.022 
7399 

<0.371 
14.78 
26.26 

c0.016 
342000 

6.39 
4.76 
28.45 

Si I 21.26 I 12.11 
Th I c0.258 <0.297 

c0.776 <0.891 
28.37 26.16 

14.49 
147 92.8 

> 2mm - OU5-A 
Attr. Scr.. 16 mins Atlr. Scr.- 16 mins 

17.455 2.94 16.7 <0.004 17.6 
16250 1121 19010 1204 12640 
3310 21.8 4802 23 4940 

77360 3032 7270 4470 12640 
679.2 . 
0.62 
474.6 
14.906 
69.325 

. ~ 0 . 2 9 2  
~ 0 . 4 6 6  
16.685 
~ 0 . 2 7 8  
c0.833 
27.26 
10.316 0.48 13.9 0.6 1 14.0 
119.96 61.2 76.0 90.9 99.9 

OUbA82M.Xl.S Rev. 1.0 061iom 
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ABBREVIATlON KEY 

TCE=Trichioroe$ylene 
NAP=Naphrhalene 
ACEY = Acenaphthy iene 
ACEN=Acenqhthene 
FLU=Ruorene 
PHEN=Phenmthrene 
ANTH=Anthracene 
FLUA=Ruomthene 
PYR=Pyrene 
BAA=Benm (a) anthracene 

BBF=Benm (b) fluoranthene 
BKF=Benzo (k) fluoranthene 
BAP = Benzo (a) pyrene 
INDP - Indeno (1.2.3cd) pyrene 
DBA=Dibenzo (ah) anthracene 
BGP=Benzo (g,h.i) perylene 

0 



WASTEWATER 
TREATMENT. 

ID SOILS 



I 



rm, 

ACD 

1.14 0.46 N.OH 

.m 
TVM 

w - 
a.0 

a.0 

a.0 

- 
- 
- 

I .O 

I .o 

I .O 
- 

'.b - 
0.33 

0.10 

0.13 

0.81 

- 
- 

- 
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Fernrld OUS 

ID-A SOU AS IS 

OUP 

1 

*0.003 4 . 0 5  0.16 *0.005 4 . 0 0 3  40.007 40.004 4 . 0 0 3  4.0Il 4.031 ~0.067 4 . 0 4 0  0.92 0.065 0.99 1.54 1.07 , z .a 
*0.003 4.05 0.313 4 . 0 0 5  4.003 4 .007  4 . 0 0 4  e0.003 *0.011 4.031 4.061 c0.040 0.M 0.065 0.97 1.51 1.06 2.57 - 

f orndd OUS ' 

10-8 8011 AS IS 

OUP 

(0.003 

*0.005 

Fornrld OU6 

ID-A lroated by 
AWltlon Scrubblngl 

Chomlccll Extrrctlon 

OUP 

1 

(0.01 0.620 4.001 eO.001 4 .007  0.021 4.003 4.011 (0.031 4.061 0.423 9.91 4.003 10.00 4.01 1.08 5.09 

(0.01 0.610 *0.005 *0.003 4.007 *0.004 4 .003  40.011 *0.031 60.061 0.401 9.97 4.001 10.65 2.44 1.23 3.67 

4 .003  

4.003 

(0.05 0.020 0.011 0.201 0.350 0.151 210 0.391 4.031 4 .067  4 .040  2.19 1.48 2.41 1.65 1.08 2.73 

4 . 0 5  0.027 a0.005 0.183 0.316 0.124 184 0.333 4.031 4.061 a0.040 1.94 1.29 2.09 e 1.59 * 1.07 2.66 

~0.003 (0.0) 0.032 a0.005 0.11 0.117 0.105 58.6 0.2?2 (0.031 4.067 4.040 1.73 0.666 2.03 s 1.40 < 1.06 2.4s ' 

dJ.003 (0.05 0.039 .0.001 0.11 0.01 0.07 23.4 0,253 *0.031 4.M 4.040 1.82 0.63 1.82 1.76 * 1.09 2.04 

Fwnrtd OU8 

ID-B lr081.d by 

AltrIUon 8orubblngl 

Chrmkal Ertrrctlon 

DUP 

;. 
ou5MICIP Rev. 1.2 
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FEANALO OUI - MOOIFlfO TOXlClTV CIURACTCRUATION LEACI4 PROCEDURE 

4 ,  
’ Iamph ACAA Motals Total Grosr Gross 

OoscrlpUon Ag As Ba Cd Co Cr Cu Fa NI Pb 8r Th U Zn Uranlum Alpha Beta Actlvlty ;”$ 
(Ppml ( P C U d )  ( ~ C u m l )  (PCUdJ 0 a 

c3 
( PP* ) . 

<0.003 

a0.003 

40.05 0.614 *0.005 eO.003 4.007 g0.004 0.OVS 60.011 60.031 (0.067 60.040 1.54 I.20 1-70 e 1.53 1.01 2.60 

40.05 0.566 4.005 (0.003 0.283 g0.004 1.09 0.421 4.031 4.067 4 . O C O  1.10 0.879 1.21 s 1.55 6 1.07 2.62 

60.00s 

eo.oos 
(0.05 0.14 (0.00s <o.aos ao.oor <o.ooc 0.095 (0.011 60.031 4.067 MIA Y/A 0.04 0.13 i . t i  1.29 2.46 

(O:OS 0.15 go.oos 40.00s *o.oor 60.004 1.09 0.421 <O.OM (0.067 MIA n/A 0.01 0.11 i.16 2.24 3.40 
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Sol I : 
$*lo Polntr 

Svlple Id: 

A n d  y t r r  

Cer Im- 157 
arorr Alpho 

leptun lu-237 
Pluton lu-238 
Plutonlu-239/240 
Ruthadus- 106. 
S t r o n t  lm-90 
l ~ h n r t l r m - 9 9  
l h o r  lrn-228 
lhoriur-230 
Thorlur-232 
Urmlrn, Total 
Urrnlrn-234 
Uronirn- 235/236 
UrMlUS-2f6 
A l u l f n a  
Ant lmony 
Arrenic 
B0rlt.m 
Beryl I lu 
Boron 
C.drlrn 

Chronlu 
C* l t  
Copp.r 

GrOBO htr 

C b k h  

CyMldr 

I O - A  I N l l l A C  CHARACIERIZAIIOW 

I D  
INITIAL CHA 

100 

I I OA I O A  I OA 
'ACIERIZAIIOII 1 l N l I l A L  CHARACTERIZAIION 2 INITIAL CHARllCTERlZATION 3 , INITIAL CHARAClERIZATION 4 
'79 100280 100281 100282 

. HSL TClP HSL ICLP HSL ICLP HSL lClP 
RrrUlt' Que1 Rerult a d  Result Owl Result -1 Rerult Owl Result P u r l  Rooult Q u a l  Roault Our1 

0.21 20.00 u 0.19 20.00 u 0.19 0.21 20.00 u 20.00 u 
360.00 960.00 230.00 nom 570.00 

2s0.00 
2.30 
0.34 
0.11 
0.17 u 
5.00 u 
9.00 
2.20 

39.00 
2.10 

360.00 
190.00 
6.80 

200;oo 
7940.00 - 

7.50 J 
86.80 - 
0.80 u 
1.40 U 
0.74 u 

S600.00 J 
14.30 - 
6.90 - 

22.00 - 
0.17 J 

270.00 
t20.00 

1 -40 
1.00 u 
1.00 u 

150.00 u 
4.20 

10.00 u 
1.00 u 
1.00 u 
1.00 u 

770.00 
320.00 

9.00 
340.00 

2.40 J 

480.00 
240.00 

1.10 
0.53 
0.09 
0.17 U 
5.00 u 
8.60 
2.20 

37.00 
2.40 

360.00 
150.00 

7.00 
150.00 

10300.00 - 
0.01 
4.80 
0.00 
3.50 
0.00 

269.00 
0.01 
0.00 
0.00 

. 0.01 

UJ 9.90 J 
I .  92.90 - 
I U  0.76 U 
I -  b.20 U 
1 UJ 0.39 u 
I J  7450.00 - J  

15.90 - 
I U  10.10 - 
I U  14.70 - 

UJ 0.30 J 

'130.00 
1.70 
1;00 u 
1.00 u 

1so.00 u 
3.70 

30.00 u 
1.00 u 
1.00 u 
1.00 u 

1000.00 
425.00 

12.00 
460.00 

1.80 J 

0.01 UJ 
3.70 - 
0.00 u 
2.60 - 
0.00 UJ, 

2bV.00 J 
0.01 - 
0.00 u 
0.00 u 
0.01 UJ 

300.00 
2.10 
0.25 
0.10 
0.17 U 
5.00 u 
8.60 
2.20 

46.00 
2.10 

350.00 
150.00 

5.80 
160.00 

9510.00 - ' 

3.10 UJ 
t0.40 J 
93.40 - 
0.17 U 
2.00 u 

8510.00 J 
15.70 - 
9.90 - 

13.50 - 
0.1s UJ 

1.20 u 

130.00 
0.70 
1.00 u 
1.00 u 

150.00 u 
3.60 

30.00 u 
0.50 
1.00 u 
1.00 u 

680.00 
220.00 

3.50 
230.00 

0.16 UJ 
0.02 u 
0.01 UJ 
0.b7 - . 0.00 u 
0.08 - 
0.00 UJ 

200.00 J 
0.00 f 

0.00 u 
0.00 u 
0.01 UJ 

260.00 
2.40 
0.60 
0.05 
0.17 u 
5.00 u 
6.20 
2.40 

40.00 
2.20 

330.00 
140.00 

1.00 
160.00 

9820.00 - 
9.90 J 

89.50 - 
0.82 u 
2.40 U 
0.42 U 

5080.00 J 
15.60 - 
8.00 - 

14-60 - 
0.30 UJ 

S6.00 
20.00 
2.10 
1.00 u 
1.00 u 

150.00 U 
5.00 u 

30.00 U 
1.00 u 
1.00 u 
1.00 u 

1300.00 
s50.00 

13.00 
590.00 

1.50 J 

0.01 UJ 
3.30 - 
0.00 u 
2.30 - 
0.00 UJ 

370.00 J 
0.00 - 
0.00 u 
0.00 u 
0.01 UJ 

LO l r b o r r t o r y  Qurllfler BJ 

P 

= Ansiyte lr found In the sanplc and the associated b lmk,  

9 ECR - Exceeds c r l l b r r t l o n  rsngs, dlluted for l ob  

= Estlmoted Dupllcste Analysls ( fo r  Inorganlcs) 

= Osts w i l l  not be vstldsted 

u not Oot.ctod r s t l m o t d  vmluo, po r r l b le  blank contmlnstlon. 
J ? E O t l M t e d  V d U r  (for O r # M k @ )  E =, Estlmoted vmlus ( fo r  Inorganlcs) 
B 
UN 

= OuplIcrto analyoto ( fo r  Inorganice) Nul I * No Our1 I f  lers t 

Ub 

Rradlng lrrr thrn M O L ,  but grrrter t h n  I D 1  
m Not drtrtod a d  rplkod r ~ p l r  recovery no wlthln control I lml ta .  

Vilwr outr lde of contrsctod required OC l laltr ( to r  Organlcr). E' 
Port -d lger t lon rplke for rurnoce M amlyelr  lr out of control 
l la l t r  crhllr rurple sbsorbsnce I s  lcsr thrn SOX of spike absorbance. NV 

r a l y s l s .  ( f o r  Orgsnlcs). 

Unl t o  of Merruro H S l  IClP 

Rdlologlcol,  r c t l v l t y  
Urmlrn, -Total; IhoriuP,Totsl 
Vol rt I le.. Scat Vol t I I es.Pes t I c I der 

Pr in t  Oste: IC-JUL-94 a 6.: 1 



Sol I 1  
S r p h  Polntr 

Sa#. Id: 

AfdytrB 

CelIra-lS? ' 

Grosr Alpha 
Grosr Beta 
Naptmlm-237 
Plutonlm-238 
Plutonlm-239/240 + 
RuthenIra-106 
Stront Ita-90 
l r chmt  lm-00 
Ihorlm-228 
1 hor Ira-230 
lhor Ira-232 
Urmlua, to ta l  
U rm l ra -  234 
Uranlm-235/216 
uran I ln- 238 
Almlnm 
Ant lamy 
Arrmlc 
errlm 
Beryl I IU 
Boron 
C d n l m  
C r l c l u  
Chroalra, 
cob1 t 
CopQIr 
Cyanldr 

ID-A l N l l l A 1  CHARACIERIZAIION 

IDA 
Sunasry, HSL 

IDA 
Sunnsry, 1CLP 

Aver age Std Dov Avrrrge Std Dev 

0.20 
. .685.00 

262.50 
1.98 
0.30 
0.07 
0.17 
5.00 
6.06 
\.70 

32.83 
1 .a 

350.00 
115.17 

6.65 
122.0s 

8036.67 
5.27 
8.80 

68.45 
0.91 
2.25 
0.55 

7736.67 
13.75 
10.00 
14.58 
0.2s 

0.01 
210.48 
26.30 
0.60 
0.24 
0.04 
0.00 
0.00 
3.40 
0.06 

12.29 
0.81 

14.14 
67.83 
0.57 

71 .ss 
2253.91 

1 .I9 
1.44 
9.11 
0.39 
0.n 
0.37 

2093.48 
2.21 
2.60 
3.97 
0.Y 

0.20 
685.00 
262.50 

1.98 
0.30 
0.07 
0.17 
5.00 
6.06 
1 .?O 

32.83 
1.68 

350.00 
115.17 

6.65 
122.83 

8036.67 
5.27 
8.80 

68.45 
0.91 
2.25 
0.55 

7736.67 
13.75 
10.00 
14.58 
0.23 

0.01 
210.48 
26.30 
0.60 
0.24 
0.04 
0.00 
0.00 
3.40 
0.86 

12.29 
0.81 

14.14 
67.83 
0.57 

71 .)I 
2253.91 

1.89 
1 .Cb 
9.13 
0.39 
0.75 
0.37 

2.21 
2.68 
3.91 
0.08 

2093.48 , 

io  
u 
J 
0 
UH 

w 

Leborctory -1 I f  l o r  
= Not Drtoctod 
= E r t l n r t e d  Value ( for Orgmlcr) 

Rradlng lrrr than CROL, but grrrtrr than I D 1  
= Yot detected rnd rplked ranplr rrcovery no wlthln control I l m l t r .  

D q t l c r t r  u u l y r l r ' ( f o r  Imrg in lc r )  
Valuer outr ldr  of contracted requlrad ac l l a l t r  (for Organlcr). 
Port-digartion rplke for Furnace AA anr lyr l r  Ir out of control 
Ildtr uhlle rrrple absorbance Ir less than 50X of rplkr rbsorbance. 

Units of Measure HSL lC1P 

Radlolo@lcal, ac t l v l t y  m9 
urmlra, total; ~horlua,total W k g  UOIL 
volat I lra,LemI vola t I I or, Post I c Ides Ue/b W/L 
netdr mg/b ms/L 

7 .  

EJ 

E 
E 

Null No Puallflrrr 
E* 

NV = Data w l l l  not be valldated 

= Anrlyte Ir found In the ranplr and the rrroclatad blank, 
r r t lneted value, posslble blank contunlnrtlon. 
Estlnated Value ( for  Inorornlcc) 
E C k  - Enceds cs l lb r r t lon  rmge. dlluted for  lab 
m r l y r l r  ( for Orgmlcr). 

Estlmetcd Duplicate Analysls (for Inorganlcs) 

Pago: 2 P r l n t  D i t e i  14-Jl lL-Q4 



I O - A  I N I T I A L  CHARACICRlZAllOM I 

Sol 1 : 
Srrplr Polnt: 

Sraplr Id: 

Ana I y t or  

Iron 
Lred * 

Men~enoro 
Mercury 
M O t W I U 8  
Nlckel 
P o t r r r i u  
Srlmnlu 
Sll lcon 
Sllver 
SOdlt#n 
Tha l l lm  
V u u d l r r ,  
Z l n c  
l , l , l - l r lchlotoethuw 
1,1,2,2-1otrochloroeth~ 
1,1,2-1rlchloroath~ 
1,l-blchloroothom 
1, 1-Olchloroothene 
1,2-0lchlororthuw 
1,2-Olchlorooth.nr (Total) 
1,2-Olchloropropuw 
2-ButMorw 
2 - H e x r o n  
S-Methyl-2-pentuwm 
Acetom 
Emreno 

MegMOlW 

I OA I O A  IDA IDA 
INITIAL CHARACIERIZAIIOY 1 INlIlAL CHARACTERILATIW 2 INITIAL CHARACTERIZAIIOW 3 lWlTlAL CHARACTERIZATION 4 

100279 100280 100281 100282 

HSC TCLP HSL ICLP HSL TCLP HE1 TCLP 
Result Qual Rerult Quo1 Rrrult Punt Result Purl Result Que1 Result P u r l  Result Punt Reoult Owl 

lM)O0.00 - 0.18 J 16700.00 - 0.13 J 17600.00 - 0.07 UJ 18000.00 - 0.07 UJ 
41.20 - 

.2540.00 - 
516.00 - 

0.08 u 
1.00 u 

17.00 - 
586.00 - 

9.90 UJ 
724.00 - 

0.15 - 
51.10 u 

1.10 UJ 
21.40 - 
n.70 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 

0.02 J 
38.80 - 
0.00 u 
0.00 u 
0.02 - 
4.10 
0.02 UJ 
3.40 J 
0.00 u 

1430.00 J 
0.04 UJ 
0.00 U 
3.60 J 

10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u ' 

10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 UJ 
10.00 u 

59.90 - 
3050.00 * 

621.00 - 
0.07 u 
1.60 U .  

'19.80 - 
T19.00 - 
10.70 UJ 

1170.00 - 
0.n u 

51.60 U 
1.20 u 

24.30 - 
69.40 U 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 

0.01 UJ 
40.20 - 
0.00 u 
0.00 u 
0.01 * 

1.90 - 
0.02 UJ 
5-50 J 
0.00 u 

1370.00 J 
0.04 UJ 
0.00 u 
2.90 J 

10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 
10.00 u 
10.00 u 
10.00 u 
10.00 UJ 
10.00 u 

45.70 - 
4330.00 - 
748.00 - 

0.06 U 

14.60 - 
705.00 - 
10.50 UJ 

750.00 - 
0.71 u 

62.10 U 

25.70 - 
60.40 U 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 

. 1.60 U 

1.20 UJ 

OIOZ 5 41.20 - 
41.20 - 
0.00 u 
0.00 u 
0.01 - 
0.97 - 
0.02 UJ 
3.00 J 
0.00 - 

1440.00 J 
0.04 UJ 
0.00 u 
0.14 UJ 

10.00 u 
10.00 u 
10.00 u 

'10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 UJ 
10.00 u 

2670.00 - 
551.00 - 

0.06 u 
1.30 U 

17.40 - 
729.00 - 
10.70 UJ 

504.00 - 
0.73 u 

54.70 U 
1.20 u 
25.50 - 
66.90 U 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 

0.02 i- 
33.00 - 
0.55 J 
0.00 u 
0.00 u 
0.02 - 
3.40 - 

' 0.02 UJ 
2.60 J 
0.00 u 

1580.00 J 
0.04 UJ 
0.00 u 
2;70 J 

10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u . 
10.00 u 
10.00 u 
10.00 u 
10.00 UJ 
10.00 u 

LO loboratory Qrv l l f lo r  OJ Analyto I s  found In tho renplo and tho arsociatod blenk, 

ECR - Eacreds cr l lbrat lon renge, dlluted for lab 

Nul I = No Que1 If lers 
E*  = Ec t lmsted  Oupllcete Anelysls ( fo r  Inorgenlcs) 

Ilrltr uhl lo  ample ebsorbence le l e r r  than 50% of splke absorbance. YV * Oete u l l l  not be valldeted 

u not 0otoct.d ertlmrtod value, porrlblo blank contmlnatlon. 
J = Ir t lu td  vrlw (for Orgmlcr) E ..Crtlmrtd Volur (for Inorgenlcr) 

UW 

W 

Rrrdlng lorr thrn CRPL, but g r r r t r r  than 101 
Hot b t o c t d  ud rptkod rurplo recovrry no wlthln control l la l t r .  . Oupllcrtr uulyrlr ( for  Inorgrnlci) 

* Valuer outrl& of contracted requlrd QC l la l t r  ( for  Orgenlcr). 
Port-dlgestlon rplke for  rurnece AA rnolyrlr Ir out of control 

. E 
malyalr  ( fo r  Orgrnlcr). 

. 

Un l t c  of Mensure HSL ICLP 

Rodlologlcal, act I v l  t y  
Ursnlcn. total: 1horlcn.Totel e .  age: 3 . p r in t  Date: IC-JUI-PC a 



I D - A  INIIIAL CHARACIERIZAI ION 

Sol I : 
Surplo Polnt: 

trsplo Id: 

AMlyter 

I ran 
L e d  
Msgnr#h 
MWOMrr 
Mercury 
M O l y W e n r  
Nlckal 
Pot rrr Im 
Selenlm 
SI 1 Icon 
Sllver 
Sodlm. 
l h s l l  Im 
Vsnsdlun 
Z l n c  
l , l , l -Trlchlororthrm . 
1 ,\,2,Z-’trtrrcRlororthrne 
1,1,2-Trlchlormthana 
1,l-Dlchlororthme 
1,l-Dlchlororthen 
1,2-0lchlororthrm 
1,2-Dlchlororthrm (Total) 
1 , 2 - D l c h l o r o p r ~  
2-Butuwnr 
2-HalMone 
4-llrthyt -2-pmnturocw 
A c r t o ~  
Bent- 

I OA 
Surmary, HSL 

Avrrago Std O w  

17983.33 
45.46 

729.50 
0.07 . 
1.58 

18.48 
K6.33 

7.09 
787.00 

0.67 
333.35 

0.87 
24.70 
64 A5 
11.75 
11.71 
11.75 
11.75 
11.75 
11.75 . 
11.75 
11.75 
11.75 
11.75 
11.75 
11.75 
11.75 

2863.33 . 

2319.64 
7.59 

605. 03 
223.60 

0.01 
0.21 
2.79 

95.31 
5.22 

278.16 
0.10 

664.76 
0.47 
2.07 

11.92 
0.50 
0.50 
0.50 . 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 

I OA 
Sunasry, tCLP 

Aver008 Std Dev 

17983.33 
45.46 

2863.33 
729.50 

0.07 
1.58 

18.48 
K6.33 

7.09 
767.00 

0.67 
333.35 

0.87 
24.70. 
64.45 
11.75 
11.75 
11.75 
11.75 
11.75 
11.75 
11.75 
11.75 
11.75 
11.75 
11.75 
11.n 
11.75 

2319.84 
7.59 

805.03 
223.80 

0.01 
0.21 
2.79 

95.31 
5.22 . 

276.16 
0.10 

k . 7 6  
0.47 
2.07 

11.92 . 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 

La = Loboretory awl I f  lor  81 
u not Detected 
J 
8 
UN 

Dllpllcrto rrulyr lr  ( fo r  Inorganlcr) Nul 
? E. 
W 

l l m l t r  hllr raspla absorbance Ir lass thrn SOX of cplke absorbance. WV 

E 
E 

Eeclutod Vilw (for Orgsnlcr) 
= Rrading k a r  than CROL, but grrr ter  than IOL 
= Not drtrctod md rplkod rurph rrcovrry no wlthln control l lmlta. 

= Port-dlgertlon rplke for furnace AA s ~ l y r h  18 out of control 
Valwa outrldo of contracted requlred aC I l m l t r  ( for  Organlcr). 

unlte of Herrurr H S l  TClP 

= Anrtyte I $  fourd In the e ~ p l o  snd the raaoclrted blank, 
r r t h t e d  vrlue, porr lb le blank contmlrutlon. 
Er t lmted  Value ( fo r  Inorganlcr) 

= ECR’ - Euceeds cal lbret lon range, dl luted f o r  lab 
rnalyrlr ( for  Organlcr). 
No Qud I f  lers  
Ertlmstad D u p l  lcato Anrlysls ( fo r  Inorgsnlcs) 

= Oat. u l \ l  not be vrlldsted 

Payo: 4 



I O - A  IN1 T I A1 CHARACTER I ZAT ION 

-. . *  

1 sol I I 
Sraple Polntr 

8&. Id: 
b 

A n a l  yter 

5; 
Br 
B I  
Ca 
cc 
Ch 
Ch 
Ch 
ch 
O t  
Et 
Ma 
I t  
I# 
To 
I r  
V I  
V I  
MY 
c l  
t l  
1, 
1, 
1, 
1, 
2, 
2, 
2, 

m d l c h l o r ~ t h ~  
not om 
mmwthanm 
 tun^ Tetrrchlorlde 
*ban dlrulf ldr 
orokntotn 
oroethrru, 
orofon, 
, o r a u t h r n  
womochlorouthu# 
1ylbbntm 
: h y l a  chlorldr 
rrenm 
,rrchloroothono 
w n  

I chl oroethana 
by1 Acetate 
yl chlorlda 
mr,  Total 
I- 1 , 3-Olchloropropmr 
1 r - 1 , 3 ~ O l c h l o r o p r ~ n r  
! ,4 - l r Ich lorhnzme 
!-Olchlorobanrans 
I-olchlorobaclrana 
~-0khlorobontena 
~ , S - T r l c h l o r ~ e n o l  
~,&Trlchlorophrnol 
I-otchlorophmol 

I OA 

100279 
INlflAL CHARACIERITATIOW 1 

HI1 TCLP 
Result Qual Reault awl 

11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 

380.00 U 
380.00 U 
380.00 U 
380.00 U 
960.00 U 
300.00 U 
380.00 U 

10.00 u 
10.00 UJ 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 UJ 

10.00 u 
19.00 UJ 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
9.00 U 
9.00 U 
9.00 u 
9.00 U 

23.00 U 
9.00 U 
9.00 U 

I OA IDA I OA 
IIITIAL CHARACIERIZATION 2 INITIAL CHARACTERIZATION 3 I N I T I A L  CHA@ACIERIZAfION 4 

1 00280 * 100201 1002a2 

HSL TCLP H S l  TCLP HSL ICLP 
Result awl Result oual Aerult Our1 Result Qual Result aual Result awl 

12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 

. 12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 

410.00 u 
410.00 U 
210.00 u 
410.00 U 

1000.00 u 
410.00 U 
410.00 U 

10.00 u 
10.00 UJ 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 U 
10.00 UJ 
10.00 u 
10.00 u 
28.00 UJ 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
11.00 u 
11.00 u , 

11.00 u 
11.00 u 

11.00 u 
11.00 u 

21.00 u 

12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u 
12.00 u ' 

12.00 u 
12.00 u 
12.00 u 
12.00 u 

410.00 u 
110.00 u 
410.00 U 
410.00 u 

1000.00 u 
410.00 U 
410.00 u 

10.00 u 
10.00 UJ 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 UJ 
10.00 u 
10.00 u 
16.00 UJ 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
26.00 U 
10.00 u 
10.00 u 

12.00 u 10.00 u . 
12.00 u 10.00 UJ 
12.00 u 10.00 u 
12.00 u 10.00 u 
12.00 u 10.00 u 
12.00 u 10.00 u 
12.00 u 10.00 u 
12.00 u 10.00 u 
12.00 u fO.00 UJ 
12.00 u 10.00 u . 
12.00 u 10.00 u 
12.00 u 24.00 UJ 

- ' 12.00 u 10.00 u 
12.00 u 10.00 u 
12.00 u 10.00 u 
12.00 u 10.00 u 
12.00 u 10.00 u 
12.00 u 10.00 u 
12.00 u 10.00 u 
12.00 u 10.00 u 
12.00 u 10.00 u 

400.00 u 9.00 U 
9.00 U 100.00 U 

400.00 u 9.00 U 
9.00 U 400.00 U 

1000.00 u 
400.00 U 
400.00 u 

LO 
U 
J 
0 
w 
L 
L 

W 

m Laboratory a d  I f  Irr 

Ert1nrt.d Vslur ( for  Organlcr) 
= Redlng lerr thrn CRQL, but greater than IO1  

Not drtrcted ud rplkad se~rple recovary no wlthln control I lmlts.  
Oupllcrte m r l y r i r  (for Inorganhi)  
Valuer wta lda  of c o n t r r c t d  raqulred QC I lalts ( tor  Organlca). 
Port-dlorrt lon rplko for furnrce M anrlyr lr  Ir out of control 

Not Oetec td  

llrltr whilr smrple absorbance Ir less than SOX of rplke absorbance. 

Unltr of Mearure HSL ICLP 

Radlologicrl, r c t l v l t y  
Uranlun, Total; Ihorlun,lotal 
Volrt  I le$, Sal Vol a t  I I as. Pest I c Ides 

BJ 

E 
E 

Null = No.Qual~f lrro 
Eo 

WV - Oats w i l l  not be velldetcd 

- =  Analyte I s  found In the sample end tho rsaoclated blank, 
ertlmated value, posrlble blank contualnatlon. 

,Ertimatrd Valur (for Inorganlcs) 
= ECR - Eueaeds calibration range, dl luted for lab 

rnalysla (for Orgmlco). 

= Ectimted OIlplIcete Analysis (for Inorganlcs) 

8 ge: 5 Print Oats: 14-JUl-94 a 



ID-A I N I  I I A 1  CHARACTER I Z A I  ION ' 

so1 I : 
swplr Polntr 

Sraplr Id: 

A d  y t  Or 

eronodlchlorarrthum 
eranoform 
erammsthww 
Carbon 1rtr.chlorld. 
Carbon dlrulf (do 
Chlorobenrrn 
chloroothuw 
Chl orof o n  
Chtororthuw 
D I bramchloroerthw 
E t h y l k r u m  
n e t h y l w  c h l o r l b  
styrene 
Ir t r rchlororthmr 
Ioluane 
Irlchloroothrno 
Vlnyl Acrtr t r  
V l r \ y l  chlorldo 

clr-1,S-Dlchloroprop.ne 
trmr-l,3-Dlchtoropropene 
1,2,4 - T r  I chlorobentme 
1,2-Dlchlorobentmr 
1,3-0lchlorobcntenr 
1,4-Dlchloroknxmr 
2,4,5-lrlchlorophmnol 
2,4,6-lrlchlorophrnol 
2,4-0lchtorophmol 

xy1IIWD, 

IDA 
Surmsry, HSL 

Average Std Dev 

11.75 0.50' ' 

11.75 0.50 
11.75 
11.75 
11.15 
11.15 
.Il.75 
11.75 
11.15 
12.00 
11.75 
11.75 
11.75 
11.75 
11.75 
11.75 
11.75 
11.75 
11.75 
11.75 
11.75 

400.00 
400.00 
400.00 
400.00 
990.00 
400.00 
400.00 

0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.00 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 

14.14 
14.14 
14.14 
14.14 
20.00 
14.14 
14.14 

IDA ' 

Summry, ICLP 

Average Std Dev 

11.75 0.50 
11.75 0.50 
11.75 0.50 
11.75 0.50 
11.75 0.50 
11.75 0.50 
11.75 0.50 
11.75 , 0.50 
11.75 0.50 
12.00 ' 0.00 
11.75 0.50 
11.75 0.50 
11.75 0.50 
11.75 0.50 
11.75 0.50 
11.75 0.50 
11.75 0.50 
11.75 0.50 
11.75 0.50 
11.75 0.50 
11.75 0.50 

400.00 14.14 
400.00 14.14 
coo.00 14.14 . 
400.00 14.14 
990.00 20.00 
400.00 14.14 
400.00 12.14 

10 
U 
J 
0 
uw 

W 

Laborrtory Qurllflrr 
Mot O r t r c t d  
t r t lov tod  V r l w  ( fo r  Organlcr) 
Rrdlng lrrr than CRQL, but grrrtrr than I O 1  
Mot d o t r c t d  ud rplked rvrp\r recovrry rw) wlthln control I l m l t r .  

= OIlpllcrtr u u l y r l r  ( for  Inorgrnlcr) 
= Vrlwr outride of contracted requlrd ac t lm l t r  ( fo r  Orgsnlca). 
= Port-dlgertlon rp lk r  for  furnace M aMlyrir I 8  Out of controt 

l l r l t a  td~llr ranplr absorbance Is less then SOX of splke sbsorbsncr. 

unltq.of nesrurs . H S l  1ClP 

BJ 

E 
t 

l u l l  YO ausllf lere 
E* 

NV = Data w l l l  not be vrlldated 

AMtytO I 8  found In the r n p l e  and the saroclr td 'b l rnk,  
ratlnsted vrlue, poarlblr blank contmlnrtlon. 
Ert lmted Vrlur (for Inorgsnlcr) 
ECR - Excreda c r l l b r r t l on  rrngr, dl luted for Irb 
rnrlyalr ( for Organlcrl. 

Eatlmnted D u p I I c r t ~  Analyela ( fo r  Inorganlca).  

Page: 6 Prlnt Or te r  IC.JUI 94 



4:\ ' 

Sol I : 
Supla Polnt: 

Sllple Id: 

A- 

z,l;oli 
2,i-OIr 
2,4-Dlb 
2,b-Dlr 
2-Chlor 
2-Qlor 
2-)lsthy 
2-Hethy 
2 4  tra 
2-Nl tra 
3.3'-01 
3 - N i t r a  
4,6-D1n 
4-Brono 
4-Chlor 
4-Chlor 
4-Mothy 
4-N i t ro  
4-Nltra 

A c ~ ~ p h  
Anthrrc 
BOIlZO(# 
Benro(a)pyrone 
Benzo(b)f luorrnthrno 
Brnzo(g,h, I)prrylrno 
Banto( k ) f 1 uorrnthrno 
Benzolc acld 

ACOMph 

tthylphmol 
ltrophonol 
I trotolucno 
I trototueno 
nrphthrlene (I 

M-1 
,nrphthrlon 
ph-1 
MI I Im 
IhUd 
:hlorobmrldlm 
mitine 
i tro-2-aethylphcnol 
thrnyl phenyl ether 
1-3-nethylpho~l 
phonylphrnyl othor 
tphonol 
in1 I try 
kanot 
:horn 
:hyleno 
MI 
i r n t h r r c m  

IDA 

100279 
'INIIIAL CHARACIEAIZATIOW 1 

H S l  TCLP 
Resuit Quai m u i t  a u t  

380.00 U 
960.00 U 
380.00 U 
380.00 U 
380.00 U 
380.00 U 
380.00 U 
380.00 U 
960.00 U 
380.00 u 
380.00 u 
960.00 U 
960.00 U 
380.00 U 
380.00 U 
380.00 U 
380.00 U 
960.*00 U 
960.00 U 
380.00 U 
380.00 U 
380.00 U 
380.00 U 
3BO.00 u 
380.00 u 
380.00 U 
380.00 U 
380.00 u 

9.00 U 
23.00 U 
9.00 U 
9.00 U 
9.00 u 
9.00 U 

-9.00 U 
9.00 U 

23.00 U 
9.00 U 
9.00 UJ 

23.00 U 
23.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 

23.00 U 
23.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 u 
9.00 U 

I D - A  IllllAL CHARACIERILATION 

IDA 

100280 

Result auri  Result QUOI 

INIT IAL. CHARACIERIZAl lON 2 

HSL ICLP 

410.00 U 
loo(1.00 u 
410.00 U 
410.00 U 
410.00 U 
410.00 U 
410.00 u 
410.00 U 
1000.00 u 
410.00 U 
410.00 UJ 
1000.00 u 
1000.00 u 
410.00 U 
410.00 U 
410.00 U 
410.00 u 
1000.00 u 
1000.00 u 
410.00 U 
410.00 U 
410.00 U 
410.00 U 
410.00 U 
410.00 u 
410.00 U 
410.00 u 
410.00 U 

11.00 u 
27.00 U 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
27.00 U 
11.00 u 
11.00 UJ 
27.00 U 
27.00 U 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
27.00 U 
27.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u , 
11.00 u 
11.00 u - 
11.00 u 
11.00 u 
11.00 u 

I OA 
IYIIIAL CHARAClER12AlIOW 3 

1002a1 

HSL 
ROIUI~ Quai 

410.00 u 
1000.00 u 
410.00 u 
c10.00 u 
410.00 u 
410.00 u 
410.00 U 
410.00 U 
1000.00 u 
410.00 u 
410.00 UJ 
1000.00 u 
1000.00 u 
410.00 u 
410.00 u 
410.00 u 
410.00 u . 
1000.00 u 
1000.00 u 
210.00 U 
410.00 U 
410.00 U 
410.00 u 
410.00 u 
410.00 U 
410.00 U 
c10.00 u 
110.00 u 

ICLP 
ROSUI~ mi 

10.00 u 
26.00 UJ 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 U 
26.00 U 
10.00 u 
10.00 u 
26.00 U 
26.00 UJ 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
26.00 U 
26.00 UJ 
10.00 u 
10.00 u 
10.00 U 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 UJ 

IDA 

10028Z 
IN1 l l  AL CHARACIERIZAI  ION 4 

H S l  ICLP 
Resuit auri  m u i t  auai 

'400.00 U 
1000.00 u 
400.00 u 9.00 U 
400.00 u 9.00 U 
400.00 u 9.00 U 
400.00 u 
400.00 u 9.00 u 
400.00 U 
1000.00 u 22.00 u 
400.00 U 
400.00 UJ 9.00 u 
1000.00 u 22.00 u 
1000.00 u 
400.00 u 9.00 U 
400.00 u 
400.00 U 9.00 U 
400.00 U 
1000.00 u 22.00 u 
1000.00 u 

9.00 u 400.00 u 
400.00 u 9.00 u 
400.00 u 9.00 U 
400.00 U 9.00 u 
400.00 u 9.00 U 
400.00 U 9.00 U 
400.00 U 9.00 U 
400.00 u 9.00 U 
400.00 U 

l a  = laboratory ami I f  lor .. BJ = Anrlyte i s  found in the sample a d  the assoclatcd blank, 
U = Not Dotacted estimated value, possible blrnk contrmlnatlon. 
J 
0 
Ow Not detected and sptked sample recovery no wtthln control I lmlts. analysis ( for  Organics). 

DIlplIcrta analyals ( for  Inorganlcs) N u l l  = NO Quallfiers 

W 

E =.Eatimsted Value ( f o r  Inorganlcs) 
E ' 

E. 

Ilaltr whlla auaplr aboorbncs I s  less than SOX of rpikr absorbance. NV 

ECR - Exceeds cr l lbrat lon rmge, dl lutcd fo r  lab 

- E a t h a t e d  Dupllcata Analysls ( to r  Inorganlcs) 

= Data u i l l  not be valldated 

= E o t l n r t d  Valm ( fo r  Orgmlcr) 
Rrrdlng l o r r  thrn CRQL, but greater thrn I D 1  

= V~lwr outolde of contracted raqulred QC I l d t a  <far Organics). 
= Port-dlgrrt lbn rplke for furnace M analyrlr i r  but of control 

Unltr of Measura HSL ICLP 

Rdlologlcr l ,  ac t l v l t y  
U r m l u ,  Total; lhorlun,lotal 
Volrt  I lrr.sanl Volat I les,Pest lcides 

. .  



I D - A  INllIAL CHARAClERtZAllOW 

so1 1 : 
S~lrple Polntr 

Svrplo Id: 

AMlytO8 

2,4-Dini t ro to l r#n 
2,b-Dlnl t ro to luom 
2-Chloronrphthalmr , 
2-Chlorophenol 
2 - H 0 t h y h p h t h o l 0 ~  
2-Hethylphmol 
2-Nl t r o u r l l  in 
2 4 1  trophanol 
3,Y -Dlch\orobonxldln 
3-Nl t rosnl l lnr  
4,6-01nI tro-2-mthylphenol 
4-BraPphenyl phenyl o th r r  
4-Chloro-5-rthylphrnool 
4-Chlorophmylphmyl o th r r  
4-Hrthylphmol 
4 - N l t r o a n l l I n  
4-MI trophrrot 
Acrnrphthrnr 
Acmrphthylm, 
An th rocm 
Bsnto(r)Mthrrcem 
Banto( r)pyron 
6enzotb)f tuormthrm 
Benrotg,h, I ) p r y l w  
Bento( k) f I u o r m t h m  
Brniolc r c l d  

IDA 
Sumdry, HSL 

Average Std Oov 

400.00 14. 
990.00. 20. 
400.00 14. 
400.00 14. 
400.00 14. 
400.00 14. 
400.00 14. 
400.00 14. 
990.00 20. 
400.00 14. 
400.00 14. 
990.00 20. 
990.00* 20. 
400.00 14. 
400.00 14. 
400.00 (4. 
400.00 14. 
990.00 20. 
990.00 20. 
100.00 14. 
400.00 14. 
400.00 14. 
400.00 14. 
400.00 14. 
400.00 14. 
400.00 14. 
400.00 14. 
400.00 14. 

14 
00 
14 
14 
14 
14 
14 
14 
00 
14 
14 
00 
00 
14 
14 
I 4  
t4 
00 
00 
14 
I 4  
14 
14 
14 
14 
14 
14 
14 

IDA 
Sumry, 1CLP 

Averrgr Std Oav 

400.00 14.14 
990.00 20.00 
400.00 14.14 
400.00 14.14 
400.00 14.14 
400.00 14.14 
400.00 14.14 
400.00 14.14 
990.00 20.00 
400;OO 14.14 
400.00 14.14 
990.00 20.00 
990.00 20.00 
.400.00 14.14 
400.00 14.14 
400.00 14.14 
400.00 14.14 
990.00 20.00 
990.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 

20.00 
14.14 
14.14 
14.14 
lC.14 

14.14 
14.14 
14.14 
14.14 

14.14 

ia 
U 
J 
I 
uw 
L 

w 

= laboratory Qurl I f  lor  
= Not Dctoctou 

E r t l u t s d  V o l w  (for Orgmlca) 
Readlng torr than CROL, but g r r r t r r  than ID1  

= Not dotoctod o d  rplked r ~ p l r  rrcovery 110 wlthln control l lar l ts. 
= oup l l c r to  rnrlyrlr (for I n o r g ~ n l c r )  
valuer outatdo of contracted r.qu1r.d OC I l m l t r  (for Organlcr). 
Por t -d lger t lon r p l k r  for furnoco AA r n r l y r l r  Ir out of control 

' 

l1,rltr rh l le  ample absorbance la lesa then 50X of rp lke sbsorbncr. 

BJ 

E 
E 

Mull No Qurllflorr 
e* Ertlmatod DuplIcmte A M I y r l s  (for Inorganlcr) 

WV Data u l l l  not be ve l ldat rd 

= Anrlyta la fwnd In the runplr and the mroe l r ted  blank, . r r t lmr ted  v r l w ,  p o r r l b l r  b l r k  contsratnrtfon. 
Eatlmrted Value ( fo r  Inorganlcr) 

= ECR - Excaedr c a l l b r r t l o n  range, dlluted for  Irb 
r n r l y r l r  ( for  Organlcr). 



10-A I H l l l A L  CHARACIERIZAIION 

1' 
Sol I : 

Sulplo Polntr 
Sylple Id: 

AMlytO8 

Buty l  beniyl. phthalate 
Carbriolo 
Chryrrno 
01-n-butyl phthalate 
01-n-octyl phthalato . 
0 Ikmo(a,h)mthracone 
0Ibeniofw.n 
Olethyl phthalate 
OImethyl phthalate 
f luoranthono 
fluorona 
H e x r c M o r h i e n o  
H r x r c h l o r o b u t u l l ~  
Hrrachlorocyc I opont ull om 
H r x e c h l o r m t h w  
Indsnot 1,2,1-cd)pyrwu 
I rophororw 
1-11 t roro-d l  -n-propylunltb 
N-NI trO8d~@wnylmlno 
Naphtha I ene 
N I  trobeniono 
Pentachlorophenol 
Pherunthrrne 
Phenol 
Pyreno 
bla(2-Chlor~thoxy)ithano 
bla(P-Chlormthyl)rthar 
bla(2-ChloroIropropyl~ othor 

IDA IDA l n A  
IN IT IAL  CHARACTERIZAIIOII 1 lNlTlA1 C k k f R l U I l W  2 lNlTlAL C ~ ~ R A C I E R I Z A I I O N  3 

100279 100280 100281 , 

HSL ICLP HSL TCLP . H S l  rcw 
Result ami Result Pun1 Result ami Result OUOI Result aual Result aud 

380.00 U 
380.00 U 
380.00 U 
380.00 U 
380.00 U 
380.00 U 
380.00 U 
380.00 U 
380.00 U 
65.00 J 
380.00 U 
380.00 U 
380.00 U 
380.00 U 
380.00 U 
380.00 U 
380.00 U 
380.00 u 
380.00 u 
380.00 U 
380.00 U 
960.00 U 
380.00 U 
380.00 U 
380.00 U 
380.00 U 
380.00 U 
380.00 U 

9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 u 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 u 
9.00 u 
9.00 U 
9.00 U 
9.00 U 
23.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 

410.00 U 
410.00 U 
410.00 U 
410.00 U 
418.00 u 
510.00 u 
c10.00 u 
410.00 u 
410.00 U 
410.00 U 
410.00 u 
410.00 U 
410.00 u 
410.00 U 
510.00 u 
410.00 U 
410.00 U 
410.00 U 
410.00 u 
410.00 U 
110.00 u 
1000.00 u 
410.00 U 
410.00 u 
110.00 u 
410.00 U 
410.00 u 
410.00 u 

11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
1l.Do u 
11.00 u 
11.00 u 
11.00 u 
3.00 J 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
11.00 u 
27.00 U 
4.00 J 

11.00 u ' 

2.00 J 
11.00 u 
11.00 u 
11.00 u 

410.00 u 
110.00 u 
410.00 u 
410.00 u 
410.00 U 
410.00 u 
410.00 u 
410.00 u 
410.00 U 
410.00 U 
410.00 u 
410.00 u 
410.00 U 
410.00 u 
416.00 u 
410.00 u 
410.00 u 
410.00 U 
410.00 U 
410.00 U 
410.00 U 
1000.00 u 
410.00 U 
410.00 u 
410.00 u 
410.00 u 
410.00 u 
410.00 u 

10.00 UJ 
10.00 u 
10.00 u 
10.00 u 
10.00 UJ 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
26.00 U 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 

I OA 

100282 
I N l l l A L  CHARAClERIZAIION 4 

HSl  ICLP 
Result ami uesuit ami 

400.00 u 
400.00 u 
400.00 U 
400.00 u 
400.00 U 
400.00 u 
400.00 u 
400.00 U 
400.00 u 
400.00 U 
400.00 u 
400.00 u 
400.00 U 
500.00 u 
400.00 u 
400.00 U 
400.00 U 
400.00 U 
400.00 u 
400.00 U 
400.00 u 
1000.00 u 
400.00 u 
400.00 u 
400.00 u 
400.00 u 
c00.00 u 
400.00 u 

9.00 U 
9.00 u 
9.00 U 

9100 U 
9.00 u 
9.00 U 
9.00 U 
1.00 J 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 u 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 u 
9.00 U 

9.00 U 

9.00 u 
9.00 U 
9.00 U 
9.00 U 

La 
U 
J 
B 
UM 

L 

M 

= Laboratory a d l f l e r  
= Not Oatocted 

E r t l u t o d  Valw (for Orgmlcr) E =.Eetlmatrd Value (for Inorganlce) 
Rruling le80 than CRQL, but grrater  thsn IO1 

= Hot detected and rplked m p l e  recovery no ulthln control I ImIto. 
Olq l lcato a ~ l y r l r  ( fo r  Inorganlcs) 
Valwr outrldn of contracted recptred QC l l m l t s  (for Organlcs). 
Por t -d lger t lon splke for furnace M annlyslr i s  out of control 

8J = Analyte Ir found In the rsnpte and the aesoclated blank; 
estimated value, posslblo blank contmirut lon. 

ECR: frceedo c d l b r a t l o n  rnnge, dlluted for l ab  
analysls ( for  Organlce). 

Estlmated Ouplicate Anrlysls ( fo r  Inorganlcs) 

8 Oats u l l l  not be validated 

E 

Mull = No Qua l l f l e rs  
E* 

llrltr u h l l e  r e q l e  absorbance I s  lese than 50% of splke absorbance. WV 

U n l t r  of nowure HPL 

Radlologlcal, a c t l v l t y  
UrMIun, Total; 1horlun.lotal 
vol r t Iles. Sed volo t I I es,Pes t IC I des 

ICLP 

Print Date: 14-JUL-94 a 0 ge: 9 



Sollr 
saplo'  Point: 

Srnplr Id: 

Anr ly t r r  

Butyl benzyl phthrlrtr 
Crrbrzolr 
Chryrrw 
0 1 - n - b t y l  phthr la t r  
01-n-octyl phthr la t r  
Olbenzo(a,h)anthrrcrn ' 
0 lbenzof u r ~  
Olethyl phthr la t r  
O lwthy l  phthrlrtr 

f luorerre 
Herrchloroknrrne 
Herachlorobutdlrna 
Herachlorocyclopsntutdlrnr 
Hrxachlorwthur  
I ndenot 1 ,P,f-cd)pyrrn 
I rophorwm 
1-11 t ro ro-d l -n -prapy lmln  
N-HI  trorodlphrylmlw 
N a p h t h r l m  
N l t r o k n z w  
Pentrchlorophonol 
Phrninthrr~ ' 
Phrnol 
P y r m  
b l  r ~ 2 4 h l o r o r t h o n y ) n  t haw 
blr(2-Chlororthyl h th r r  
b l r (24h lo ro l ropropy l~  rthrr 

. fluoranthm 

IDA 
Suaasry, HSL 

Average Std Drv 

IDA 
~lmPsry, ICLP 

400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
321.21 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
990.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 

14.14 
14.14 
14.14 
14.14 
14.14 
14.M 
14.14 
14.14 
14.14 

170.90 
14.14 
14.14 
14.14 
14.14 
14.14 
14.14 
14.14 
14.14 
14.14 
14.14 
14.14 
20.00 
14.14 
14.14 
14.14 
14.14 
14.14 
14.14 

I O - A  INITIAL CHARACTERIZATION 

Average Std Oev 

400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
321.25 
400.00 
400.00 
400.00 
400.00 

.400.00 
400.00 
400.00 
400.00 
400.60 
400. 00 
400. 00 
990.00 
400.00 
400.00 
400.00 
400.00 
bOO.00 
400.00 

14.14 
14.14 
14.14 
14.14 
14.14 
14.14 
14.14 
14.14 
14.14 

170.90 
14.14 
14.14 
14.14 
14.14 
14.14 
14.14 
14.14 
14.14 
14.14 
14.14 
14.14 
20.00 
14.14 
14.14 , 

14.14, 
14.14 
14.14 
14.14 

BJ AMlyte Is foud In the r ~ p l e  a d  the r r roc l r ted  blank, 
er t lnstcd vrlw, p o r r l b l r  blank contmlnatlon. 

= E C k  - Exceed8 c a l l b r r t l o n  range, dlluted for lab 
r ~ l y e l r  ( for  Orgrnlcr). 

Ectlmatod O~p l Ica te  Analyrlr ( fo r  Inorganlcr) 

Data w i l l  not be valldated 

10 L b r s t o r y  QurlIflrr 
u Not Oetrcted 
J Irtlmatd Vrlw (for Orgrnlcr) E Er t ln r tod  Vrlw ( for  Inorgmlce) 
0 
w 

= O ~ p l I c a t r  rttdyrlr (for Inorgrnlcr) Null Yo Q u a l l f l r r r  

W 

= Rrdlm Irrr thon CRQL, but greator than 101 
= Hot d r t rc tod  md rplked rwrplr r rcovrry  no wlthln control Ilmltr. 

Valwr out r ld r  of contrrctod required OC llrltr (for Orgrnlcr). 
= Por t -d lgar t lm r p l k r  for furnace AA malyele 10 out of control 

E 

E* 

llmlta rrhllr rurplr abrorbancr I o  less than SOX of rp lke absorbance. NV 

Page: 10 P r h t  Date: 14-Jill-94 



Sol I I 
Swple Polntr 

Swplr Id: 

A n e l  ytrr . 
b(r(Z-Lt 
p-Ch I ora 
4,4*:oMI 
4 , 4 0  -OOf 
4,4*-001 
AldrlnRL 
Aroc I or- 
Aroc I or* 
A r o c  I or-  
Aroclor- 
Aroclor. 
Aroclor- 
Aroclor- 
Aroclor- 
Aroc lor - 
Aroclor- 
Aroclor- 
Aroclor- 
Aroclor- 
Aroc  I or- 
D I el dr I n 
Endorul f 
Endoaulf 
Endoaull 
CndrlwE 
Endrln I 
tndrln L 
Heptechl 

i 
In 

a 
a 

M 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

la 
I 
8 
11 

11 
(4 
t 

in1 I Ino 
IE 
I€ 
IC 

1016 
1016Rk 
I221 
1221RE 
I232 
I232RE 
1242 
I242RE . 
1248 
l 2 4 I E  
I254 
l254RE 
I260 
1260RE 
IE 
v) I l R E  
in rulfateRE 
n- IRE 

lah*RE 
ttonoRP 
wRE 

IO-A INlllAL CHARACICRIZATIW 

IDA IOA IDA I OA 
INITIAL CHARACIERIZAIIOW 1 INITIAL CHARACTERIZAIIW 2 IN IT IAL  CHARACIERIZAIIOW 3 INIIIAL CHARACTERIZATIOW 4 

l002fo 100280 100281 100282 

HSL TCLP 
Rorult Qurl Rerult Our1 

380.00 u 1.00 UJ 
380.00 UJ 9.00 UJ 

1.70 UJ 
3.70 UJ 
3.70 UJ 
1.90 UJ 

36.00 u 0.99 u 

n.00 u 2.00 u 
38.00 U 0.99 u 
38.00 U 0.99 u 
38.00 U 0.99 u 
63.00 - 0.99 u 
38.00 U 0.99 u 
3.70 UJ 
3.70 UJ 
3.70 UJ 
1.90 UJ 
3.70 UJ 
3.70 UJ 
3.70 UJ 
1.90 UJ 

HSL TCLP HSL ICLP 
Rarult  aual Result Qual Rerult  awl ~ e s u l t  awl 

410.00 UJ 11.00 UJ 410.00 UJ 10.00 UJ 
410.00 UJ 11.00 UJ 410.00 UJ 10.00 UJ 

4.10 UJ 
4.10 UJ 
4.10 UJ 
2.00 UJ 

41.00 u 

81.00 u 

41.00 U 

41.00 U 

41.00 u 

40.00 J 

41.00 U 
4.10 UJ 
4.10 UJ 
4.10 UJ 
2.00 UJ 
4.10 UJ 
4.10 UJ 
4.10 UJ 
2.00 UJ 

H S l  TCLP 
Result Qucrl Result Qual 

400.00 UJ 
400.00 UJ 

4.00 UJ 
4.00 UJ 
4.00 UJ 
2.00 UJ 

9.00 UJ 

40.00 U 

81.00 u 

40.00 u 

40.00 U 

40.00 U 

30.00 J 

40.00 U 
4.00 UJ 
4.00 UJ 
4.00 UJ 
2.00 UJ 
4.00 UJ 
4.00 UJ 
4.00 UJ 
2.00 UJ 

LO Laboratory Quo1 l'f Ier 

Reodlng lrrr than CROL, but greater than I O 1  
Not detected and rplked r q l e  recovery no ulthln control \(mite. 

Velwr outr lda of contracted rqulred PC l l m t t r  ( for Organlcc). 
Por t -d lger t lon splke for furnace M analyr l r  I s  out of control 

BJ - Analyte l a  found in the r a p l o  and the asrocfated blank, 

= ECR - Exceeds ca l lbrat lon range, d i l u ted  for  l ab  

8 Estlrmrted Oupllcate A ~ l y s l r  (for Inorganlcs) 

0 Oats u l l l  not be validated 

u not O e t e c t d  ea tha ted  value, poor lb l r  b\ank contuainatlon. 
J €rtlmtd Valw ( fo r  Orgmlcr) E ,Ertimted V a l w  ( for  Inorganlcs) 
B 
W 

Oupllcate erulyrlr ( fo r  Inorgurlcs) H u l l  m No Oual l f lers  

W 

E 
malys la  ( fo r  Organlcr). 

E* 

llaltr u h l l e  t q l e  absorbance Is less than 50% of splke absorbance. HV 

Unltr of Measure HSL ICLP 

Radiologlcel, a c t l v l t y  
Uranim, lotd; Ihorlun,lotal 
Vola t I 1 ea, Semi Vol a t I ten, Pest i c I due 

P r i n t  Oste: IC-JUL-PC a 



I O - A  INlllAL CHARACICRIZAIIOW 

Loll: 
Swplo Polnt: 

s q t r  Id: 

I OA 
Slmnsry, H S l  

Average Std Oev 
AMlytO8 

400.00 14.14 
p-Chlora 
4.4' -000 
4, 4' -ODE 
4,4'-001 
A Idr I nAE 
Aroclor- 
Aroclor- 
Aroclor- 
Aroctor- 
Aroc I or- 
Aroclor- 
Arac I or - 
Aroclor- 
Aroclor- 
Aroclor- 
Araclor- 
Aroclor- 
Aroclor- 
Aroc I or - 
Olrldrln 
Endorul f 
Endorul f 
Endorul f 
EndrlnRE 
Endrln r 
Endrln I 
Hrptrchl 

Y 
a 
n 
a 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
I 
I 
I 

I I  

a 

011 
O I d l l t  
221 
122ine 
I232 
1232RE 
I242 
242AE 
248 
2 4 l t  
254 
1254AE 
I260 
1260~0 
1E 
In l l R L  
in rulfrteRE 
W I R E  

aydrllt 
~torwll9 
wRlt 

400.00 14.14 
3.93 0.21 
3.93 0.21 
3.93 0.21 
1.97 0.06 

38.00 0.00 
40.50 0.71 
77.00 0.00 
81 .oo 0.00 
38.00 0.00 
40.50 0.71 
38.00 0.00 
40.50 0.71 
38.00 0.00 
40.50 0.71 
63.00 0.00 
35 -00 1.07 
38.00 0.00 
40.50 0.71 
3.93 0.21 
3.93 0.21 
3.93 0.21 
1.97 0.06 
3.93 0.21 
3.93 *0.21 
1.93 0.21 
1.97 0.06 

I OA 
Sunnary, ICLP 

Average S t d  Oev 

400.00 14.14 
400.00 

3.93 
3.93 
3.93 
1.97 

18.00 
40.50 

. 77.00 
81 .oo 
38.00 
40.50 
38.00 
40.50 
38.00 
10.50 
63.00 
3s .oo 
38.00 
40.50 
3.93 
3.93 
1.93 
1.97 
3.93 
1.93 
5.93 
1.97 

14.14 
0.21 
0.21 
0.21 
0.06 
0.00 
0.71 . 
0.00 
0.00 
0.00 
0.71 
0.00 
0.71 
0.00 
0.11 
0.00 
7.01 
0.00 
0.71 
0.21 
0.21 
0.21 
0.06 .. 
0.21 
0.2l 
0.21 
0.06 

La Lrborrtory QurlIfIrr 81 AMly te  Ir foud In the sanple and the r s r o c l r t d  blank, 

E ECR - Emceedr c r l l b r r t l o n  range, d1 Ih .d  for Irb 

Nul I No Qual If lrrr 
E* Ertlwted OuplIcrtr A ~ l y r l i  ( fo r  Inorganlcr) 

l la l t r  while sample absorbance I s  less than SOX of rp lke absorbance. NV = Oeta w l l l  not be val ldsted 

u = Not oo t r c t rd  r r t1mt.d v r l u ~ ,  porslble blank contullnatlon. 
J = E I t b t d  VIlW (for O r O M l C B )  E Ert!auted Vrlw (for Inorgrnlcr) 
I 
W 

W 

= Roodlng lor8 than CRQL, but g r r r t r r  thin I O 1  
= Not dotrctod nd rpked ranple recovery no ulthln control l l m l t r .  

O r g l l c r t r  rrulyrlr (for Inorganlcr) 
vrlurr outr ldo of contrrctod requlred QC Ilnltr ( fo r  Organlcr). 

= Port-dlgestlon rp lke fo r  furnace AA a n r l y r l r  Ir out of control 

rnalyrlr ( f o r  Organlcr). 

unl t p  o f  mearure HSL lCLP 

Radlologlcrl, r c t l v l t y  
Urmlu, l o t r l ;  Ihorltm,lotal 
Vol i t l lor,Slol Wolrt l  lrr,Pestlcldee W/kO 
H e t r 9  - _  mglkg nOlL _ .  . r- 

.I 

1- .. 

Pege: 12 Pr in t  Date: IC-J IJ '  - '  



Sol I : 
Swplr Polntr 

' S u p l o  Id: 

A n d  ytrr 

Heptachlor rponldeRE 
Hot horychl orRE 
Tonaphano 
Torlphrr#RL 
alpha-BHCRE 
a l pha -Chl ordrr#RE 
bet a-BHCRE 
del t I- UHCRC 
gsmns-UHC (Llnd8ne)RE 
gmm; Ch I or&neRE 

IO-A INlllAL CHARACIERILAIIW 

1 OA I OA IDA I O A  

100279 100280 100281 100282 
INITIAL CHARACTERIZATlOIl 1 INITIAL CHARACTERIZAIION 2 INIIIAL CHARACTERIZATION 3 , INllIAL CHARACIERIZAIIOY 4 

HSL 
ueeui t awl 

1.00 UJ 
19.00 UJ 

190.00 U 

1.90 UJ 
1.00 UJ 
1.90 UJ 
1.90 UJ 
1.90 UJ 
1.90 UJ 

ICLP HSL ICLP HSL ICLP 
Reeult awl Result Qual Result Qual Result Qual Result a w l  

2.00 UJ 
20.00 UJ 

4.90 u 
200.00 u 

2.00 UJ 
2.00 UJ 
2.00 UJ 
2.00 UJ 
2.00 UJ 
2.00 UJ 

HLL TCLP 
Result Qual Result Q u i  

2.00 UJ 
20.00 UJ 

5.30 UJ 200.00 u 
2.00 UJ 
2.00 UJ 
2.00 UJ 
2.00 UJ 
2.00 UJ 
2.00 UJ 

LO 
U 

' J  
B 
un 

uu 

= l r b o r r t o r y  Quallflor 
= Not Ootactd  
= frtlnrtd Value (for Organlcr) 

Rodlng less than CRQL, but greater than I O 1  
Not dotectd end eplked eunp l r  recovery no wlthln control l lml te .  
O r q l l c r t r  rnelyrlr ( fo r  Inorganice) 
Vrlws outside of contracted required Qc l l m l t r  ( for  Organics). 

= Port-dlgertlon rp lke for furnace M analysla lo  out of control 
l l r l t e  th l le  ample absorbance l e  less then 50% of splke absorbance. 

Un l t r  of #ensure HSL ICLP 

Redlologlcal, a c t i v l t y  
Uranlm, T o t r l t  Ihorlua,lotal 
Volatllee.Scnl Volatl lec.Pcstlclder 

BJ 

E 
E 

Null = No Qusllflers 
E* 

NV = Data u i l l  not be validated 

Analyte'lr found In the sample a d  the ascoclated blank, 
estimated value, posrlble blank contmlnatlon. 

= Estlmated Value ( fo r  Inorganlca) 
ECR - Enceeds ca l l b ra t i on  range, dlluted for l ab  
analysls ' ( for Organlce). 

= Estimated Dupllcate Analysls ( fo r  Inorganlcs) 

a, P r h t  Date: IC-JUL-94 



I O - A  I W l l l A L  CHARACIERIZAI ION 

Sol 1 t 
Suplo Polntr 

S u l p l r  Id: 

A n a l  y t  or 

Wept rchl6r rporldeRE 
MethorvchlorRE 

I OA 
Sunnery, HSL 

IDA ' 
Sumrsry, lClP 

Average Std Dav Average . Std Dev 

, 1.97 0.06 
19.67 0.58 

195.00 7.07 
200.00 0.00 

1.97 0.06 
1.97 0.06 
1.97 0.06 
1.97 0.06 
1.97 0.06 
1 .v7 0.06 

1.97 0.06 
19.67 0.58 

19s. 00 7.07 
200.00 0.00 

1.97 0.06 
1.97 0.06 
1.97 0.06 
1.97 0.06 
1.97 0.06 
1.97 0.06 . 

ia Laboratory Qwllflrr 
U Hot Dr t rc ted 

B 
u) 

IN 

J = htl#trd V I l W  ( for OrgMlClB 
Rrdlng lrrr than CRQl, but g r r r t r r  than ID1 
Not dotoctod ud rplkod ruplr rrcovery no wlthln control Ilnltr. 
Duplltrtr rMlp lr  (for Inorgurlcr) 
Vrlwr outrid. of contracted requlred QC l ldtr (for Orgenlcr). 
Port-dlgrat lon rplke for furneca M anakyrlr I8 out of control 
lhltr rhllr rwrplr sbrorbsnce In leer  then SOX of rplke absorbsnce. 

Unl tr of Merrure HSL lCLP 

Rsdlologlcrl, r c t l r l t y  
U T M I U ,  . Io t r l ;  I ho r lm , Io t s l  
valet! Irr,Sal Volr t  I ler,Pee t IC Idee 

I netr1r 
. ... 1 .- .: 

BJ Anr ly t r  I s  fovd In tho rsmple m n d  tho rasoclrtod blrnk, 
er t lnsted value, po~alblo blrnt contualnrtlon. 

i trtjavted VIIUO (tor ~norgrn~cr) 
E = C C I  - E ~ c r o d r  crltbratlon rrnge, dllutod tor lab 

r ~ l y r l r  ( for  Orgrnlcr). 
l u l l  (lo Puallflera 
E. Eet lm ted  Dupllcrte Anrlysls ( fo r  lnorgrnlcs) 

NV Date w l l l  not be vslldated 

Ysge: I C  



t I  
i 

10-8 I n l t l e l  Cherrc ter l ie t lon 

sol 1 I 
Smplr Polntr 

Saraple Id: 

ci 
01 
Yt 
PI 
PI 
Rd 
Id 
SI 
1 4  
II 
It 
It 
UI 
UI 
UI 
UI 
A I  
A i  
ea 
Ba 
CC 
Cc 
Ch 
Ca 
Ca 

M I  
M I  
Ma 
W I  
Pa 
Sa 

5: 

"080 A l  

lptunlu-217 
lutonlun-218 
I Ut on1 tm- 2191240 
dim- 226 
1d lu~228  
trontlm-90 
KhMt h - 9 9  
lor IUU-228 
tor I--230 
iorlun-232 

*rnlm- 234 
mim-23512M 
mlm-238 
-1- 
Lrmlc 
dun 
try1 I lm 
h l m  
IlClUa 
iromlum 
b o l t  

roar 

'Mh, f 0 t d  

%L 
'on 
Iglnrlmm 
~ n g s ~ r e  
ircury 
ckel 
i t r a r l un  
ilrnira 

I O 8  

100272 
IYlllAL CHARACIERIZAIION 1 

HSL ICLP 
Result O*l Rerult Qurl 

1.00 u 1.00 u 
1.00 u 1.00 u 
2.80 1.00 u 
3.60 4.90 
6.00 

11.00 
1.20 
2 0  

360.00 
170.00 

7.60 
180.00 

13100.00 J 
6.90 U 

108.00 - 
0.85 - 
.0.23 U 

~0600.00 J 
17.70 J 
10.30 - 
29.10 J 
0.14 U 

22600.00 J 
16100.00 J 

574 .OO J 
0.03 - 

22.60 - 
1600.00 - 

0.69 UJ 

1 3 0  

5.00 u 
1.00 u 
1.00 u 
1.00 u 

41 .OO 

9600.00 
3800.00 
330.00 

4200.00 
0.48 - 
0.01 u 
2.10 - 
0.06 u 
0.00 UJ 

652.00 J 
0.00 u 
0.00 u 
0.00 u 
0.03 u 

19.40 J 
1.20 J 
0.00 u 
0.01 - 
1.90 - 
0.06 u 

I OB 108 

1002 74 100275 
IYlllAL CHARACIERIZAI ION 2 I N I I I A L  CHARACIERIZAIION 3 

HSL ICLP 
Result Owl Result awl 

E::: :;:x:xx 
1.80 33.00 
1.00 u 
1.00 u 
2.40 
3.60 
1.00 u 

17.00 
1.40 
2.20 
1 .oo 

370.00 
160.00 

7.70 
1a0.00 

13100.00 J 
6.80 U 

100.00 - 
0.80 - 
0.23 U 

S8200.00 J 
16.90 J 
9.90 - 

28.80 J 
1.40 - 

22400.00 J 
15800.00 J 

576.00 J 
0.02 - 

21.30 - 
1420.00 - 

0.68 UJ 

1.00 u 
1.00 u 
1.00 u 
3.70 
5.00 u 

30.00 
1.00 u 
1.00 u 
1.00 u 

9500.00 

180.00 
3700.00 

3300 .oo 

0.31 - 
0.01 u 
1.40 - 
0.00 u 
0.00 UJ 

576.00 J 
0.00 u 
0.00 u 
0.00 u 
0.04 u 

16.80 J 
1.00 J . 
0.00 u 
0.01 - 
3.40 - 
0.06 U 

HE1 ICLP ' 

Result Qual Result Que1 

SEX :;::::: 
33.00 

~ ~ . . ~  
1.80 
1.00 u . 1.00 u 
2.40 
3.60 
5.00 u 

17.00 
1 .40 
2.20 
1 .oo 

370.00 
160.00 

7.70 
180.00 

19600.00 J 
6.90 U 

124.00 - 
1.10 - 
0.23 U 

56500.00 J 
23.50 J 
12.00 - 
33.60 J 
1.30 - 

26600.00 J 
16900.00 J 

615.00 J 
0.04 - 

23.80 - 
2990.00 - -  

0.69 UJ 

-~ 
1.00 u 

s.oo u 

1.00 u 
1.00 u 
3.70 

30.00 
1.00 u 
1.00 u 
1.00 u 

9500.00 
3300.00 

180.00 
3700.00 

0.54 - 
0.01 u 
2.00 - 
0.00 u 
0.00 UJ 

560.00 J 
0.00 u 
0.00 u 
0.00 u 
0.09 u 

10.50 J 
1.00 J 
0.00 u 
0.01 - 
3.90 - 
0.06 U 

IOB 

100276 
I N I I I A L  C H A R A C l E R l Z A l I W  4 

HSL ICLP 
Result Our1 Result Que1 

1 -80 33.00 . . _ _  _ -  
1.00 u 1-00 u 
1.00 u 
2.40 
3.60 
5.00 u 

17.00 
1.40 
2.20 
1 .oo 

370.00 
160.00 

7.70 
180.00 

18500.00 J 
6.90 U 

112.00 - 
0.96 - 
0.23 U 

53800.00 J 
21.80 J 
10.20 - 
28.90 J 
0.31 - 

21000.00 J 
16200.00 J 

522.00 J 
0.04 - 

22.00 - 
3010.00 - 

0.69 UJ 

1.00 u 
1.00 u 
3.70 
5.00 U 

30.00 
1.00 u 
1.00 u 
1.00 u 

9500.00 
3300.00 
180.00 

3700.00 
0.49 - 
0.01 u 
2.00 - 
0.00 u 
0.00 UJ 

559.00 J 
0.00 u 
0.00 u 
0.00 u 
O:b5 U 

18.40 J 
1.00 J 
0.00 u 
0.01 - 
3.90 - 
0.06 U 

.I 
la 
:a 
I1 
la 
1u 
'I 
la 
I 

borrtory a d  I f  l e r  BJ 
It Oetected 
itlmtod Vrlw (for Orgenlcr) E Eet lm ted  Velue ( for  Inorganlco) 
iodlng lrrr thon CRQL, but re r te r  then 101 E 
it detectod ud aplkod neqfr recovery no wlthln control llmlts. 

Nul I = *No aunt 1 '!ere 
L o r  o u t r ~ ~  of contracted raquird ac l l a l t s  ( tor Orgrnlce) E. 
1 s t - d i g r r t h  rp l ke  for furnrcr  M 8nrt rlr 1s out of control '  
dtr chllr ruaplr abrorbmncr 11 l o o r  d o n  SOX of np ikr  absorbance. WV 

Anslyto Is fwnd In the sa 
e s t l m t e d  value, possible 8 a n k  contamination. 

= ECR - Enceeds c r l l b r r t l o n  renge, dlluted for  Ieb 
ebalyslr for  Orsanlcs). 

= Eatlmetad Ouptlcete Anelyels ( fo r  Inorgnnlcs) 

Date ulll nut be velldated 

l e  end the assoclotad blank, 

I l c a t e  rnalyrla (for Inorganlcs) 

Dnrtr or ~rrrurr I S 1  ICLP 

iiFnl 9 W/L 
Rrdlologlcrl ,  r c t l v l t y  
Urmlua, l o t r l ;  Ihor lua, Io t r l  mg/ 0 

uef kg 
mg/kg 

Volrtl~ee,SeaI Volrtl le8,Peetlcldes 
Metelo mg/L 

Page: 1 P r l n t  Date: 14-JUL-94 



ID-B lnltlel Charscterlzatlon 

boll: 
S Ir Polntt 
7-1. Id: 

i 
GI 
NC 
PI 
PI 
Rd 
Ra 
S I  
l a  
l h  
Th 
l h  
Uf 
Ur 
Uf 
UI 
A I  
Af  
81 
84 
CE 
CE 
Ch 
Ca 
Ca 

Ma 
d l  
Ha 
N I  
Pa 
Sa 

;: 

'oar A I  I 
'oar s e t  
tptmlla-237 
utonlla-238 
ut onlun- 239/240 
ldlun-226 
dlun-228 
:rontlm-90 
tchmt lm-00 
ior lm-228 \ 
lor lua-230 
iorlua-232 

*MI m- 234 
*UI I la- 235/236 
'UI I M-238 
MlM 
*arnIc 
irlrn 
tryll Iua 
ICtDlun 
1Iclm 
iroalua 
&It 

'UIILII, lOtd 

3L  
on 
l@flOrtla 
lngrnrrr 
srcury 
ckrl 
ltW8lla 
llrnlun 

I D 8  
Eunnary, HSL 

Average Std Dev 

--zmiJ 
49.00 
.1.70 
0.67 
0.81 
2.07 
2.59 
5.25 

11.13 
1 .os 
1.69 
0.84 

367.50 
112.20 

7.68 
124.17 

13948.33 
6.35 

107.17 
0.82 
1.01 

60433.33 
17.95 
10.07 
28.38 
0.79 

22316.67 
bl100.00 

565.17 
0.04 

21.75 
1923.31 

0.53 

;:: 
0.20 
0.51 
0.43 
0.98 
1 .56 
0.50 
7.18 
0.49 
0.80 
0.36 
5.00 

78.04 
0.05 

86.51 
4364. 9s 

0.85 
14.02 
0.20 
1.90 

10915.44 
4.09 . 
2.70 
4.90 
0.65 

' 275b.21 
63682.51 

134.60 
0.01 
3.72 

K3.41 
0.24 

ID8 
Sunnery, lClP 

Average Std Dev 

E:= 2::: 
1.70 0-20 
0.67 
0.81 
2.07 
2.59 
5.25 

11.13 
1 .os 
1.69 
0.84 

367.50 
112.20 

7.68 
'124.17 

13941.33. 
6.35: 

'107.77 
0.82 
1.01 

60433.33 
17.95 
10.07 
28.38 
0.79 

22316.67 
41100.00 

565.17 
0.04 

21 .75 
1923.33 

0.53 

031  
0.43 
0.98 

' 1.56 
0.50 
7.18 
0 . U  
0.80 
0.36 
5.00 ' 

78.04 
0.05 

86.51 
4364.95 

0.85 
1b.02 
0.20 
1.90 

109bS.bS 
b.09 
2.70 
4.90 
0.65 

2752.21 
63682.53 

134.60 
0.01 
3.72 . 

843.b1 
0.24 

la = laboratory Qurllflrr BJ 

E 

Null NO auallflrre 
e. 

l h l t e  dllr rulplr abrorbnncr la leas tKrn SOX of aplk'r absorbance. NV 

AMlyte l a  found In the amyle a d  tho arroclrtad blank, 

= ECR - Exceeds crllbratlon range, dlluted for lob 

= Eat~metad D r g l  lcrtr Analyals ( for  Inorgenlca) 
9 Data u l l l  not be valldated 

U = Not Ortrctod ratlmrtad valua, poralblr b m k  contmlnetlon. 
J Ertlortrd Vrlw (for Organlcr) E . Ortlmtrd Vrlw (for Inorgrnlcr) 

t!N 

W 

= Rradlng lrar than CROL, but rratar than I O 1  
Not detrctod and rplkad a ~ p ? r  recovery no vlthln control llmltr.' 

= Drpl lcrtr  rn~lyrlr (for Inorgrnlcr) 
= VI wa outrldo of contractod rqilrad ac I d t r  (for Organlcr . 

P.ort-dlgartlon rplkr for furnacr M anal 

arulyrlr ( for  Orgenlcr). 

Ir out of control 

Dnrtr of IIrrrurr m lClP 

Page: 2 Print Date: 14- JUL-94 



10-8 l n l t l a l  Cheracterlzation 

Sol I : 
S l o  Polnt: 
?-le Id: 

AMtyter 

9 t t v r r  
S o d l u  
I h r l l  lu 
V a M d l u  
t lnc  
l,l, 1-Trlchloroothane 
1,1,2,2-lrtrrchlarorthrn 
1,1,2-Trlchlororthane 
1, 1-Olchlorwthane 
1,l-Oichloroothono I 

1,2-0ichloroothmno 
1 ,2-0 lch lo roo th~ ( I o t r l  ) 
1 ,2-0lchloropropana 
Acetone 
m z t t n  
Bromodlchloramsthuu 
oromofon 
Broamothuw 
Carbon I r t r rch lo r ldo  
Carbon dirulf Id. 
Chloraknrono 
Chloroothuw 
Chloroform 
Ch lorav thrn  
Olbranochloroawthuw 
Eth l h z r n  
netl[ylmr chlorlck 
S t y r m  
I r t r u h l o r o r t h e n  
T O l W M  
Trlchlorortheno 
V l n y l  Acatrta 
Vlnyl chlorldo 

108 IDB * 108 IO8 

100272 100276 100275 100276 
IN IT IAL  CHARACILRIZAIIOII 1 I N I T I A L  CHARACTERIZATIOII Z INITIAL CHARACIERIZATIOW 3 INlIlAL CHARACIERIZAI IW 4 

HSL TCLP HSL ICLP HSL ICLP HSL ICLP 
Result awl Rerult Q U I  Result Qual Result Qual Result awl Result  Qual Result awl Result  awl 

0.46 U 
25.90 J 
71.30 J 
6.00 U 

0.02 J 

0.0s U 
0.00 u 
1.10 J 
5.00 u 

6.00 u 
6.00 U 
6.00 U 
6;OO U 
6.00 U 
6.00 U 
6.00 U 

17.00 UJ 
6.00 U 
6.00 U 
6.00 U 

11.00 u 

5.00 u 
5.00 U 
1-80 u 

14;::: ‘j 0.01 UJ 

0.45 u 0.04 u 
23.90 J 0.00 u 
67.90 J 0.60 J 
6.00 U 5.00 u- 

5.00 u 
5.00 u 

5.00 u 6;Oo u 
5.00 u 6.00 U 

6.00 U 
6.00 U 
6.00 U 3;oo U 6.00 U 

5.00 u 6.00 U 
10.00 u 11.00 UJ 
5.00 u 6.00 U 
5.00 u 6.00 U 
5.00 UJ 6.00 U 

10.00 u . 11.00 u 
6.00 U 5.00 u 6.00 U 
6.00 U 5.00 u 6.00 U 
6.00 U s.00 u 6.00 U 

11.00 u 10.00 UJ 11.00 u 
s.00 u 6-00 U 

10.00 u ti;oo U 
._... 

-‘ 6.00 U 
11.00 u 
6.00 U 5.00 u s.00 u 
6.00 U 5.00 u 6.00 U 
6.00 U 11.00 u 6.00’U 
6.00 U 5.00 u 6.00 U 
6IOO u 
6.00 U 

5;oo u 6;Oo u 
5.00 u 6.00 U 

6.00 U 5.00 u 6.00 U 
11.00 u 10.00 UJ 11.00 u 
11.00 u 10.00 u 11.00 u 

14::: H 0.01 UJ 

0.46 U 0.04 u 
37.40 J 0.00 u 
82.80 J 1.20 J 
6.00 U 5.00 u 
6.00 U 5.00 u 
6.00 U 5.00 U 

16i:fX ! 0.01 UJ 
0.16 U 

s 4 ; 3 0  i 
75.40 J 
6.00 U 
6.00 U 
6.00 U 

5.00 u 
5.00 U 
5.00 U 

5.00 u 6.00 U 
6.00 U 
6.00 U 
6.00 U 

s;oo u 6.00 U 
10.00 u 11.00 UJ 
5.00 u 6.00 U 
5.00 u 6.00 U 
5.00 UJ 

10.00 u 
5.00 u 
5.00 u 
5.00 u 

10.00 UJ 
5.00 u 

10.00 u 
6.00 U 
5.00 u 

13.00 U 
5.00 u 
5.00 u 
5.00 u 
5.00 u 

10.00 UJ 
10.00 u 

6iOO u 
11.00 u 
6.00 U 
6.00 U 
6.00 U 

11.00 u 
6.00 U 

11.00 u 
5.00 u 
6.00 U 
6.00 U 
6.00 U 
6.00 U 
6.00 U 
6.00 U 

11.00 u 
11.00 u 

5.00 u 6.00 U 
5.00 u 6.00 U 
5.00 u 6.00 U 
5.00 u 6.00 U 
5.00 u 6.00 U 

10.00 u 12.00 UJ 
5.00 u 6.00 U 
5.00 u 6.00 U 
5.00 UJ 6.00 U 

10.00 u 12.00 u 
5.00 U 6.00 U 
5.00 u 6.00 U 
5.00 u 6.00 U 

10.00 UJ 12.00 u 
5.00 u 6.00 U 

10.00 u 12.00 u 
6.00 U 6.00 U 
5.00 u 6.00 U 

16.00 U 6.00 U 
5.00 u 6.00 U 
5.00 u 6.00 U 
5.00 u 6.00 U 
5.00 u 6.00 U 

10.00 UJ 12.00 u 
10.00 u 12.00 u 

0.04 u 
0.00 u 
1.10 J 
5.00 u - 
5.00 u 
5.00 U 
si00 u 
5.00 u 
5.00 u 
5.00 u 
s.00 u 

36.00 U 
5.00 u 
5.00 u 
5.00 UJ 

10.00 u 
5.00 u 
5.00 u 
5.00 u 

10.00 UJ 
5.00 u 

10.00 u 
5.00 u 
5.00 u 

t4.00 u 
5.00 u 
5.00 u 
5.00 u 
5.00 u 

10.00 UJ 
10.00 u 

Ll 
l a  
E l  
R l  
Ha 
ou 
V I  
Pa 
I 1  

b r a t o r y  I f  tar ’ SJ = Analyte l e  found In the so l e  end the associated blank, 
It Ortectrd 
itlrartrd Vrlw (for Organlcr) E = Estlmated Value (for Inorganice) 
idlng l e r r  than CROL, but rrr ter  than IOL E 
It d.trctrd’rnd rplked r q ? r  recovery no wlthln control Ilnltr. 
pticrt. m a l y r i r  (for Inorganlce) Nul I - No Qual I f lrrr 
I wr outrldr of contracted roqulred QC l lmltr  (for Orgrnlcr). E* .Ertlmated O u p l l c r t e  Analyslr ( f o r  Inorgrnlcr) 
~$t-dlgart lon rp lk r  for Furnrcr M #MI 8 h  
dtr uhllr rurplr ebrorbUKr Ir Irm tian SOX of rp l k r  rkorbancr. NV = Oatr u l l l  not be vrlldatad 

estlmsted value, porslblr 8ank  contamination. 

ECR - Emceed$ cal lbrat ion rsnse, dlluted for lab 
m a l y s l r  (for Orgenlcr). 

out of control 

Page: 3 Prlnt Date: 14-JUL-94 



I 
I 
I 
I 
I 
I 
I 
I 
I 
\ 
1 
1 
1 
9 

c 

I 
E 
I 
i 

I 
I 
t 
J 

r 

Sol I I 
S l o  Polnt t  

?-lo I d r  

r 
1 
1 
1 
1 
1 
2 z 
2 
4 
IF 
'C 
'C 
bC 
lr 
I1 
I I  
It 
I I  
,I 
t 
h 
It 
Y 
It 
I1 
4 

r 
n 

Y 
I, 1 - l r lch loroothuw 
I, 2,2- Tetrrch0oroeth.ne 
1,2- Tr lchloroothona 
1 - 0 l ch lo roo thm 
I - 0 l c h l o r o o t h w  
!-0 lchloroothsnr 
!-Olchloroothm (local) 
!-Dlchloroproprm 
I toM 
I K O M  
modlchloramthmr 
wf ora 
nnanethrna 
*ban l r t r r c h l o r l d o  
-ban dlrulf Ida 
orobenxrna 
oroethono 
orofora 
. o r w t h u w  
wmoch lo ra r thvw 
I lbenrm 
: h i u  chlorldo 
rr eno 
: r r c h l o r o o t h ~  

c h l o r o r t h m  
yl A c r t r t r  
VI chlorlda 

W M  

I OB 
Surrrmry, HSL 

Average Std Drv 

747:;: 14;:: 
0.19 . 0.10 

29;08 S.S6 
67.98 13.83 
6.00 0.00 
6.00 0.00 
6.00 0.00 
6.00 0.00 
6.00 0.00 
6.00 0.00 
6.00 0.00 

6;OO 0;oo 

6.00 . 0.00 
6.00 0.00 
6.00 0.00 
6.00 0.00 
6.00 0.00 

11.25 0.50 
11.25 0.50 

ID8 
Stannary, TCLP 

Average Std Dev 

747::; 14:::; 
0.59 0.16 

29.01 
67.98 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 . 

6.00 
6.00 
6.00 

11.25 
6.00 
6.00 
6.00 

11.25 
6.00 

11.25 
5.50 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 

11.2s 
11.25 

12.73 

l is6 
13.81 
0.00 
0.00 
o .ao 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.50 
0.00 
0.50 
0.58 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.50 . . 
0.50 

~ ~ ~- 

.O Laboratory QurlIflrr 81 Anatyte I 8  fwnd In the ~ ~ l o  and tho assoclrted blank, 
U Not Dr t rc tod rstlnsted value, porrlble b m k  contmlnatlon. 
J Eat l rv tod VIIW (tor Orgmlcr) E Ertlwted Vrlw (for Inorgrnlcs) e = Rradlng lrrr thrn COOL, but rootor thrn I O 1  E ECR - ERceeds c r l l b r r t l o n  rrnge, d l l u tad  for lob 
t/l 

UI 

= Not datrctod nd rplked ran& r c o v r r y  no ulthln control llaltr. 
O ~ l l c r t r  uu lyr l r  (for Inorgrnlcr) 

= VI uor outr ldo of contracted requlred ac l m t t r  (for Oramlcr . 
P o r t - d l g r r t h  rplko for furnrcr  M enol r h  I #  out of control 

onrlyrls ( for  Orgmlcr). 

= E r f l n u t e d  Dupl lcr t r  Anr lys l r  ( f o r  Inorgrnlcr) 

* Oat; w l l l  not be vr l ldated 

Hull rn No aurl l f l rrr 
E* 

llaltr JIllr rwplo  rbaorbancr 1 0  leer  tion 50% of rplkr rbrorbonce. I V  

l n t t a  ot nrrrurr HSC TCLP 

W L  
Wf L 

rdloloslcal, r c t l v l t y  mo 
kdu, Totrl; l ho r lu ,To t r l  nolko 
/ O l ~ t l I ~ ~ , 8 ~ l  Volr t l  ler,Prst lcldes W k o  WfL 
~ t d r  agf kg lag/ L 
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oio 
10-8 l n l t l a l  Characterlratlon 

Sol 1 : 
10 Polnt: ST ample Id: 

I O  
I N l l I A L  CHA 

100 

I 
IACIERIZAllW 1 !n 

ma toe I oa 
lNlllAL CHARAClERIZAIION 2 l N l I l A 1  CHARAClER lZA l lON 3 I N l l l A L  CHARACIERIZAI IO( I  4 

100274 100275 100276 

HSL ICLP 
Result Pun1 Result Qual 

::E D T:2 D 
6.00 U 5.00 u 

::: Y 3::: uu 
5.00 U 

. 9.00 U 
9.00 U 
9.00 U 
9.00 U 
43.00 U 
9.00 U 
9.00 U 
9.00 U 

43.00 UJ 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 UJ - 
9.00 U 

43.00 U 
9.00 U 

66::: Y E::: Y 
6.00 U 5.00 u 

370.00 U 10.00 u 
370.00 U 10.00 u 
370.00 U 10.00 u 
370.00 U 10.00 u 

1800.00 u 51.00 U 
370.00 U 10.00 U 
370.00 U 10.00 u- 
570.00 U 

1800.00 UJ 
370.00 U 

370.00 U 
370.00 U 
370.00 UJ 
370.00 U 

1800.00 u 
370.00 U 
730.00 u 

1800.00 u 
1800.00 u , 

370.00 U 

.370.00 U 

3.:; Y 
5.00 u 
9.00 U 

:::: : 
6.00 U 

370.00 U 
370.00 U 
370.00 U 
370.00 U 

1800.00 u 
370.00 U 
370.00 U 
370.00 U 

1000.00 UJ 
370.00 U 
570.00 .u 
370.00 U 
370.00 U 
370.00 UJ 
370.00 U 

1800.00 u 
570.00 U 
740.00 U 

1000.00 u 
1800.00 u 
370.00 U 
370.00 U 
370.00 U 
370.00 U 

1800.00 U 
1800.00 U 
370.00 U 
370.00 U 
370.00 U 
370.00 U 

6.00 u 
370.00 U 
370.00 U 
m . o o  u 9.00 U 

9.00 U 
9.00 U 

43.00 U 
9.00 U 
9.00 U 
9.00 U 

43.00 UJ 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 UJ 
9.00 U 

43.00 U 
9.00 U 

18.00 u 
43.00 U 
43.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 

43.00 UJ 
43.00 U 
9.00 U 
Q.00 U 
9.00 U 
9.00 U 

l-b-OlC 
2:4,5-1 
2,4,6-1 
2,b-Dlc 
2,b-Dla 

2,S-Dln 
2,6-0 In 
2-Chlor 
2-Chlor 
2-Hrthy 
2-Methy 
2-wi t r a  
2-Nl  t r a  
3,3'-01 
3-Nltra 
4,6-Dln 
4-ar0m 
4-Chlor 
4-Ch lor 
4-Hethy 
4-Nl t ra  
4 -N l t ro  
A c e ~ p h  
Aceneph 
Anthrrc 
Bsnxo(0 

2,Z-Dln 

sto;oO U 
1800.00 u 
370.00 U 
370.00 U 
370.00 U 

1800.00 UJ 
370.00 U 
370.00 U 
370.00 U 
370.00 U 
370.00 UJ 
370.00 U 

.1800.00 u 
370.00 U 

10.00 u 
51.00 UJ 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 UJ 
10.00 u 
51.00 U 
10.00 u 
21.00 u 
51-00 u 
51.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
51.00 UJ 
51.00 U 
10.00 u 
10.00 u 
10.00 u 
10.00,u 

43.00 U 
43.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 

43.00 U 
43.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 

1m.00 u 
1800.00 u 
370.00 U 
370.00 U 
370.00 U 
370.00 U 

~800.00 u 

370.00 U 
370.00 U 
370.00 U 

1800.00 UJ 
1800.00 u 
370.00 U 
370.00 U 
370.00 U 
370.00 U 

1eoa;oo u 
370.00 U 
370.00 U 
370.00 U 
370.00 U 

81 

E 
E 

Null No auallflerr 
E* 

= Analyte l e  found In the rsmple rnd the r r soc l r tod  blank, 
o o t l w t e d  velue, po r r l b le  b l m k  contamhrtlon. 
Eetlmsted Value ( fo r  Inorganlcs) 

= ECR - Lrceede ce l lbret lon range, d i l u ted  for l ab  
snalyslr ( for  Organics). 

= .grtlmated Dupllcrte AMlyefO ( f o r  Inorganlcr) 

LO 
U 
J 
B 
P 
L 
w 

itory Ounllfler 
ttected 
) C o d  Vrlw (for Orgmlcr) 
19 lerr than CRaL, but re r te r  chon ID1  
ttectod mnd eplkod rorp?o recovery no ulthln control Ilnltr. 
:at. u w l y r l r  (for Inorgrnlcr) 
I outrlde of contracted requlrod QC l l r l t e  ( fo r  Orgmlcr). 
Ilgestlocr rplkr for Furnrco A I  rnrl 810 18 out of-control 
1 uhh(l0 rmplr abaorbmncr I s  \err tim SOX of rplkr rbeorbance. I V  = Data ull  not be valldated 

Dnltr or nrrrure HSL ICLP 

Radlologlcrl, r c t l v l t y  
Urrnlun, Total; lhorlun,lotal 
Volrt  I ler,SmI Volrt I Ier,Peat lcldes 
netal. 

Pige: 5 Print Date: 14-JUL-94 



sol I D  
S l o  Polnt: 
%plr Id: 

A ~ l y t r r  

3:-1 ,s-ok:rqHopene 
trmna-1 ,S-Olchloropropm 
1,2 ,~- t r l ch lo robonx~ 
1,2-Dlchlorobenxene 
1,3-Dkhlorobenxme 
1,2-Dlchloroben~enr 
2,4, I- Ir I chl orophenol 
Z,4,6- 1 r I ch I orophmol 
2,i -0 lchl  orophrnol 
2,4-Olmthyl rnol 
2,i-Dlnl tropRhrro1 
2, i -D ln l  t ro to l rmu 
2,6-0 In1 trotoltmna 
Z-Chlorono@thrlene 
2 -Chlorophenol 
2 -Me thy l ~ p h  thr l em 
2 -Methylphenol 
Z - N l t r O M I l  In 
2-Nltrophmol 
S,3°-Olchlorobonxldlno 
I-N I trornl  I In 
b ,6-01nl tro-2-arthylphrnol 
b-8raaophryl l I rthrr 
C-Chloro-S-artRhld;rnol 
4 -Chlorophonyld(onyl r t h r r  
4 - M r t h y I p h ~ ~ ~ l  
C - N l t r o m l l l n  
4-Y! trophonol 
k a M p h t h m  
Acenrph t h y l r n  
Anthrrcenr 
eanxo(r)rnthrrcmr 

omr, o r  

ioe 
S m r y ,  IS1 

Average S t d  Oev 

:::: 
6.00 * 

s70.00 
570.00 
370.00 
S70.00 
1800.00 
370.00 
370.00 
310.00 

1800.00 
370.00 
S70.00 
S70.00 
S70.00 
370.00 
S70.00 
1800.00 
370.00 

1800.00 
1800.00 
S70.00 
110.00 
S70.00 
S70.00 

1800.00 
~1800.00 
S70.00 
370.00 
S70.00 
S70.00 

m o o  

::z 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0  
7.07 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

IO8 
Sunnsry, tCLP 

Average Std Oev 

:::: 
6.00 

170.00 
570.00 
370.00 
S70.00 
1800.00 
S70.00 
170.00 
170.00 
1800.00 
170.00 
S70.00 
S70.00 
S70;OO 
S70.00 
370.00 
1800.00 
370.00 
ns.00 
1800.00 
1100.00 
170.00 
S70.00 
170.00 
570.00 
1800.00 
1800.00 
170.00 
170.00 
S70.00 
S70.00 

2::: 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
7.07 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

LO Leborrtory O u r l I f l r r  u Hot O r t r c t d  
J Ertlartd Vrlw (for Organlcr) 
D Ardlng lrrr than CRQL, but rrrtrr than I O 1  
t N  Mot d o t r c t d  and rplkod r q ? r  rrcovrry 110 u l th ln  control l laltr. 

0 l t c r t r  uulyrlr (for Inorgmlcr) ~ X w r  outatdo of contrrctod rqulrd QC t l a l t r  (tor Orgrnlcr . 
W Port-dlgortlon rp lk r  for furnace M anel rlr Ir out of control 

l la l t r  Ihllr rwlr rbaorboncr Ir lerr tirn 50% of rp lk r  rbrorboncr. 

DJ 

E 
E 

Null No Qurtlt!err 
E* 

'NV O r t r  w l l l  not be vrl ldsted 

Anrlytr I@ foud In tho ranplr a d  tho r r I o c l r t d  blank, .: 
eatlmated vrlw, porrlblr blank contmlnrtlon. 

= Eatlneted vslw ( for  Inorgrnlcc) 
= ECA - E x c r d r  c r l l b r r t l on  rang#, dl lutbd for lob 

rnrlyrla for Organlcr). 

htl,netod 011pllcrtr Anrlyr lr  (for Inorgenlcr) 

Uni tr or nrrrurr HSI: ICLP 

Page: 6 . *. ! 
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Sol I : 
l e  Polnt: 

a ST u p t o  Id: 

4 ,  

Anat  y te r  

k%!flkTmthene 
Benio( h llper Im 
Benio(hf  luoran!hene 
Beniolc 

:?!Id 
CerLiol 
Chryrrn 
0 I -n-hul 
01 -n-ocl 
OIbenIO( 
O i k n i o (  
010th 1 

f luormc 
f luorerw 
Hexach 1 a 
Hemchic 
Hexachlc 
Hexrchlc 
IndenO(1 

OlmtKyl 

A!$;:: 
I - N l  troa 
Naphtha1 
Nltroban 
Pontachl 

Phenol 
P rrne 
brr(Z-Chloroothoxy)~thane 
bla(2-Chlororthyl )ether 

P h 8 n u r t h r r i  

8cId. 
,Icohol 
mryl phthalatr , 
Io 
:yl phthrlrtr ’ 

:r,h phthrtate Mthracrno 
lurrn 
phthalate 

, phthalate 
:hen8 

mbeniene 
m b u t a d l e r  
w c y c  Lopentadl one 
~ r o o t h r r  
I ,P,li-cd)pyrene 
me 
io-dl -n-prylunlno 
~odlphonylam no 
eno 
lieno 
oroe)lonol 

1 

I 

IO-B  l n l t i a l  Characterization 

I08 I08 108 106 

100272 400274 100275 100276 
INIIIAL CHARACIERIZAIIW 1 I H I l I A L  CHARACIERlZAl lOW 2 I W I l I A l  CHARACILRIZAIIOW 3 I N l l l A l  CHARACIERIZAIIOW 4 

HSL i c u  H S l  ICLP H S l  lC1P HSC ICLP 
Reeult Q u a l  Result Owl Result Qual Result Owl Result Qual Result, Qual Result Que1 Result O w l  

:E:: E 8% uu 
370.00 U 9.00 U 
370.00 U 9.00 U 

1800.00 u 
370.00 U 
370.00 U 
370.00 U 
370.00 U 
100.00 J 
370.00 U 
370.00 U 
370.00 U 
310.00 U 
370.00 U 
370.00 U 
370.00 U 
370.00 U 
370.00 U 
170.00 u 
370.00 u 
J70.00 u 
370.00 U 
370.00 U 
370.00 U 
370.00 U 
370.00 u 

1800.00 u 
370.00 U 
370.00 u 
370.00 U 
370.00 U 
370.00 U 

43.00 UJ 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 u 
9.00 U 
9.00 U 
9.00 U 
9.00 u 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 u 

43.00 U 
9.00 U 
9.00 U 
9.00 U . 
9.00 U 
9.00 U 

:;:::: uu 1:::: E 
370.00 U 10.00 u 
W0.00 U 10.00 u 1eoo;oo u 
310.00 u 
370.00 U 
370.00 U 
370.00 U 
37.00 J 

370.00 U 
370.00 U 
370.00 U 
370.00 U. 
570.00 U 

370.00 U 

370.00 U 
370.00 U 
370.00 U 
570.00 u 
370.00 U 
370.00 U 
370.00 U 
370.00 U 
370.00 U 

1800.00 u 
370.00 U 
370.00 U 
370.00 U 
370.00 U 
370.00 U 

sr0.00 u 
sr0.00 u 

3i;oo u 
10.00 u 
10.00 u 

i::::: E 8% :: 
370.00 U 9.00 U 
310.00 U 9:00 U 

1800.00 U 43.00 U 
370.00 U o.bO 9.00 U 
I70.00 U 

1o;oo u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
78.00 - 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 U 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 

S7o;oo u 
370.00 U 
310.00 u 
370.00 U 
370.00 U 
370.00 U 
140.00 J 
370.00 U 
310.00 U 
370.00 U 
370.00 U 

370.00 U 
310.00 U 
370.00 U 
370.00 U 
370.00 U 

3r0.00 u 

370.00 U 10.00 u 
10.00 U 370.00 U 
10.00 U 370.00 U 
51;oo u 1aoo;oo u 
10.00 u 370.00 U 
10.00 u 370.00 U 
10.00 u 370.00 U 
10.00 u 370.00 U 
10.00 u 370.00 u 

0 3 0  u 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 u 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 u 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 

43.00 u 
9.00 U 
9.00 U 
9.00 U 
9.00 U 
9.00 U 

LO Lobor 
u . lot 0 
J E r t l m  
a = Roadl 

t M  Not d 

uu Port- 
t l d t  

:!%! 

itory  Q u r l l f l e r  6J Analyte tr found In the asmplo and tho rsroclated b lmk,  
t t r c t r d  e r t l m t e d  value, pos r lb l r  b enk contamlnrtlon. 
ited Vrlw ( for  Organlcr) E - Ertlmtcd Value ( f o r  Inorganlcc) 

E ECA - Enceeds ca l l b ra t i on  range, dlluted for  lab 
Zected 0nd aplked analyr l r  ( for Organlcs). 
: r t a  r n a l y r l r  ( f o r  Inorganlcs) Nul I = No Qual I f lure 
I outr lde of contracted requlrcd QC I l d t a  (for Orgmlcr). E* =.Eetlmsted Duplicate Analysis ( f o r  Inorganlce) 
l lger t lon rp l ke  for furnace AA m a l  rlr ir out of control 
I uhllr rurph absotboncr I s  lesr t l a n  50% of r p l k r  absorbance. WV Data u l l l  not be velldated 

loor thrn CRQL, but renter than IOL 
recovrry no wlthln control l l m l t r .  

On~tr 01 ~raaurr H b t  ICLP 

mL 
ug/1 

Radtologlcal, a c t l v l t y  ma 
Uranlun, l o ta l ;  lhorlua,lotal mg/kQ 
Vol rt I le., S e d  Vola1 I les,Pes t i c Ides us/kg ug/L 
Metals mg/h mg/L 

.: @ 
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e 
8011: s i e  Point: 

%plr Id: 

E 
E 
0 
C 
C 
0 
0 
0 
0 
0 
0 
I 
F 
H 
H 

lenx I alcohol 

,hryreM 
I i  - n - h t y l  phthalate I 

I i -n-octy l  thr lr tr  
1 Ibenzo(r, h%thrrcem 
1 lbentofuron 
118th I phthrlrtd 
llmetryl phthrlrtr 
luorrnthem 
luorene 
lcxachlorobsntene 
l e a r c h l o r o b u t r d l r ~  

1 bantyl phthrlrtr 
i::Lzolr 

Herrchl 
Hexrchl 
I &no( 

N-N I t ra 
Naphtha 
N i t r o k  
Pantrch 
P h m t  
Phenol 
P rrne 
b!r(2-Chloroothox )methono 
b l  a(2-Chloror thy l~r thr r  

:";: 
trocyclopmtrdl OM 
iroethrno 
l,2,3-cd)pyreno 

io-dl w p r o q l  mlno 
iodiphrnylm M 

,orophmol 
trm 

KN 

,m 
I t  rIu 

toe 
Sumulry, HSL 

Average S t d  Dav 

r 
1.00 ' 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

370.00 0.00 
169.00 176.90 
370.00 0.00 
370.00 0.00 
370.00 0.00 
293.33 132.79 
370.00 0.00 
370.00 0.00 
370.00 0.00 
370.00 0.00 
370.00 0.00 
370.00 0.00 
370.00 0.00 

1800.00 ' 0.00 
370.00 0.00 
370.00 0.00 
370.00 0.00 
370.00 0.00 
370.00 0.00 

. ' ID-B l n l t l e l  Character Qn 

me 
Sunnary, ICLP 

Average Std Dev 

:;::!- 
370.00 
370.00 

1800.00 
370.00 
370.00 
370.00 
370.00 
169.00 
370.00 
370.00 
370.00 
293.33 
370.00 
370.00 
370.00 
370.00 

. 370.00 
370.00 
370.00 
370.00 
370.00 
370.00 
370.00 
370.00 
370.00 

1800.00 
370.00 
370.00 
370.00 
370.00 
370.00 

X:tt 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

176.90 
0.00 
0.00 
0.00 

132.79 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

e 

LQ 
J 
J 
@ 
Y 
W 

'@tory Qrul I f lor 
l r l r c t d  
v t d  Vrlw ( fo r  Orgrnlca) 
ng lrrr thrn CRQL, hut re r te r  thrn I D 1  
h t r c t d  and rp lked amp?, r rcovrry  no wlthln control I lal tr .  
c r t r  r ~ l y r l r  (for Inorgrnlcr) 
im outr ldo of c o n t r r c t d  r q u l r e d  QC llnltr ( fo r  Orgrnlcr . 
:r whllr rnplr rbrorbonsr Ir l a s r  tlrn SOX o f  rp l ko  rbrorbonce. 
d lg ra t l on  rp l ko  for furnace M anal rlr Ir out of contro 1 

Unite of nersurr Hx ICLP 

BJ Anr ly t r  Ir found in  tho r 
rrtlmrted vrlur, p o r r l b l r ~ r n k  contmlnrt lon. 

E ' = Er t l rne ted  Vrlur (for Inorganlcr) 
E ECR - Erceedr c r l l b r r t l o n  range, d l l u ted  for Irb 

rnalysla ( f o r  Organlcr). 
H u l l  No Quallflrrr 
E* = Ertlmsted D ~ l p l l c a t r  Analyalr ( fo r  Inorgrnlcr) 

l o  and the r r r o c l r t o d  blank, 

YV = O r t r  u l l l  not b vr l ldated 

Pege: 8 Print Date: 14- JUL -94 



Sollr  
Ssnple Polnt: 

Ssnple Id: 

Anrlytar 

h o c  
A r o c  
Aroc 
Arm 
Arm 
Arm 
A r o c  
Diel  
Endc 
Endc 
Endo 
Endr  
Endr  
Endr 
ncpt 
Hept 
Meth 
fora 

beta 
del  t 
osm 

r:p 

?E 

In 
lor-1016 
lor-1221 
lor- 12J2 
lor- 1242 
lor- 1248 
,or - 1254 
o r -  1260 
Ir In 
iu l fan I t  
iu l fan au l l e te  
iul tan- I 
n 
n rtdchyde 
n ketone 
Ichlor 
ichlor cpoxldc 
ixychlor 
h W  
I-BHC 
I- Ch I ordmne 
BHC 
I-BHC 
,-eHC (Lindane) 
1 - Ch I or dam 

Organlc Carbon 

108 108 106 I oe 
I M I r I A L  CHARACIERlZAl lOW 1 INIIlAL CHARACIERIZAIIOW 2 I l J I l I A L  CHARACIERIZAIIOW 1 IWIIIAl CHARACIERIZAI IOW b 

100272 100274 100275 1002 76 

HE1 IClP H S l  lC1P HSL lCLP HSL ICLP 
Rerult Ouel Result Oual Result Our1 Reault Ouel Result Oual . Reault Oual Reiu l t  Oual Reault Our1 

9bz0.00 - 

3:::: uu 8::: uu 
370.00 U 9.00 U 

0.10 u 18.00 u 
18.00 u 0.10 u * 
18.00 U 0.10 u 
8.90 U 0.05 U 

89.00 U 0.b9 U 
09.00 U 0.49 U 
89.00 U 0.49 U 
89.00 U 0.49 U 
89.00 U 0.49 U . 

180.00 U 1.00 u 
180.00 u 1.00 u 
18.00 u 0.10 u 
18.00 u 0.10 u , 

10.00 u 0.10 u 
8.90 U 0.05 u 

18.00 U 0.10 u 
111.00 u 0.10 u 
18.00 u 0.10, u 
8.90 u 0.05 u 
8.90 U 0.05 u 

89.00 U 0.49 U 
180.00 u 1.00 u 

8.90 U 0.05 u 
0.b9 U 

89.00 8-90 u 0.05 U 
. ai90 u 0;oi u 

8.90 U 0.05 u 
89.00 U 0.49 U 

10600.00 - 

370.m UJ 
370.00 U 
370.00 U 

18.00 u - 
16.00 U 
18.00 U 
9.10 U 

91.00 U 
91.00 U 
91.00 U 
91.00 U 
91.00 U 

180.00 u 
18.00 U 
18.00 U 
9.10 U 

18.00 U 
18.00 U 
9.10 U 
9.10 u 

91.00 U 
180.00 U 

i tmoo  u 

18.00 u 
ia.oo UJ 

0.10 u 
91.00 U 
v-10 u __._ - 
9.10 U 
9.10 U 

91.00 U 
6550.00 - 

m u"' 
10.00 u 
0.10 u 
0.10 u 
0.10 u 
0.05 u 
0.b9 U 
0.49 U 
0.49 U 
0.49 U 
0.49 U 
1.00 u 
1.00 u 
0.10 u 
0.10 u 
0.10 u 
0.05 u 
0.10 u 
0.10 u 
0.10 u 
0.05 u 
0.05 u 
0.19 U 
1.00 u 
0.05 u 
0.b9 U 
0.05 u 
0.05 u 
0.05 u 
0.49 U 

' E 2  Y m o o  u 
18.00 u 
18.00 u 
18.00 u 
9.10 U 

91.00 U 
91.00 U 
91.00 U 
91.00 U 
91.00 U 

180.00 U 
160.00 U 
18.00 u 
18.00 u 
18.00 U 
9.10 U 

18.00 UJ 
18.00 u 
9-10 u 

i m o  u 

3 0  uuJ 
9.00 U 
0.10 u 
0.10 u 
0.10 u 
0.05 u 
0.49 U . 
0.49 U 
0.b9 0.C9 U U 

0.49 U 
1.00 u 
1.00 u 
0.10 u 
0.10 u 
0.10 u 
0.05 u 
0.10 u 
0.10 u 
0.10 u 
0.05 u 

Pi10 u 0;os u 
91.00 U 0.49 U 

180.00 U 1.00 u 
9.10 U 0.05 u 

91;W U 
9.10 U 
9.10 U 
9.10 U 

91.00 U 
9990.00 J 

0;4v u 
0.02 u 
0.05 u 
0.05 u 
0.49 U 

LO Laboratory Qual I f  l o r  
U = Not Detected 
J Estlmetcd Value ( f o r  Organlca) 
B * Rcadlng lcsr than CROL, but reator than I O 1  
p Not detected and 8plRed r w ? e  recovery no ulthln control l l m l t r .  

= D l l c a t e  enalyala ( f o r  lnorgantca) = Vzucs out r lde of contracted required OC l l m l t r  ( f o r  Orgnnlca). 
W = Post-dlgcstlon splRe fo r  furnace M anal rlr I8 out of control 

l l m l t s  uhllc senple absorbarm In  Ieaa tkm SOX of rplke absorbance. 

h t s  01 weesure HSL lC1P 

Radlologlcel, e c t l v l t y  0 Uranlun, l o t  el : Ihor  tun, I o t a \  0 volatllcs,sernl volat  I Iss,Pcet lcldes 
a N e t a t a  

BJ Aru ly t r  Ir fotnd In the a 
estlmoted value, p o r a l b l e ~ a n k  c o n t a l n e t l m .  

E = Ertimotcd Value f o r  I no rm iem)  
E 9 ECR - Enceedr cat tbrat lon rmgo, dlluted for  l ab  

enalysla for  Organlcm). 
Null io Ouat t t l e r r  
E. - Ertlmated D u p l l r r t r  Anelyalr ( f o r  Inorganlcr) 

NV = Osta u l l l  not k voltdated 

l o  and the r s r o c l ~ t d  blank, 

Page: 9 Print Oats: 1bJUL-94 ,' 
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I O - A  RUN 3 

lp 
-@-J 

c-2 
a a 
0 ID-A R u n  3 

f Carbonete Treated Sol1 

HsL TCLP 
AVG AVG 

:L 
A *  t- 6011: 

Swplr Polnt 

Ana  I ytrr 

Cei lu-  137 
Grorr Alphr 
G r O m  Dot. 
N e p t ~ l u - 2 3 7  
Plutonlm-238 
P lut0dra-239/240 : 
R d l u -  226 
R d l ~ ~ - 2 2 8  
Strontlun-90 
lachrwt lu-99 
lhorlrn, Iota1 
1 hor I un- 228 
Ihorlua-230 
Thor lua-232 
Uranlun, Total 
Urmlrn-234 
Uranlu-235/236 
Uranl ra-238 
A l u n l n u n  
Arimlc 
s a r l u  
Beryl I lun ' 
CSlClUa 
Chrmlm 
cob81 t 
Copprr 
CyanlQ 
Iron 
1.d 

Hanpanosr 
Nlckel 
Potrrrlun 
S l l l C O n  
Sllvrr 

, H r O M O h  

IO-A R u n  3 
I N l I l A L  CHAUACTERIZAIION 

Hsi TCLP 
AVO AVO 

0.21 20.00 
570.00 270.00 
250.00 

2.30 
0.34 
0.11 

9.00 

2.20 
39.00 
2.10 

360.00 
190.00 

6.80 
200.00 

7940.00 
7.50 

86.80 

5600.00 
14.30 
6.90 

22.00 
0.17 

\6000.00 
41.20 

2540 .OO 
516.00 
17.00 

586.00 
724.00 

0.75 

120.00 
1.40 
1 .oo 
1 .oo 

30.00 

1 .oo 
1 .oo 
1 .oo 

770 .OO 
320.00 

9.00 . 
340.00 

2.40 
0.01 
4 .80 

269.00 
0.01 
0.00 
0.00 
0.01 
0.18 
0.02 

38.80 

0.02 
4.70 
3.40 
0.00 

Wtr of Mearure HSL TCLP 

ID-A RW 3 . 
c .02-.4rSmn 

HSL TCLP 
AVO AVO 

0.08 13.20 
49.90 
51.60 
0.74 
0.11 
0.13 
1.30 
1 .80 
1 .so 

10.60 
1.10 
8.90 
1.20 

79.40 
18.40 
0.99 

18.90 
2430.00 

40.60 

575.00 
6.90 

3.50 

4650.00 
14.40 

605 .OO 
49.20 
12.60 

359.00 
435.00 

44 .80 
16.20 
0.32 
0.17 
0.04 
1.40 
1.70 
0.64 

1.10 
0.26 
0.86 
0.12 

363.00 
40.00 

1.90 
45.00 

1.30 

0.12 

26.40 
0.01 

0.01 

16.40 
0.08 
6.50 
1.20 
0.25 
2.90 
3.50 

I D - A  R u n  3 
D <.02mn 

H S l  TCLP 
AVO AVG 

0.42 18.50 
46.20 

153.00 
0.21 
0.17 
0.20 
3.40 
3.30 
0.55 
1.20 

21.70 
2.60 

42.50 
2.40 

302.00 
55.00 
3.30 

58.90 
21000 .oo 

176.00 

21 70.00 
32.00 
5.30 

22.60 

30000.00 
53.20 

3440.00 
255.00 
42.30 

1680.00 
* \300.00 

. 9.70 

430.00 
192.00 

0.76 
0.14 
0.08 
0.42 
2.00 
1.10 

28.80 
1.60 
0.32 
2.60 
0.17 

676.00 
40.80 

41.90 
13.10 

0.12 

29.10 
0.08 
0.06 
0.02 

104.00 
0.02 

26.00 
3.20 
0.44 
5.90 
7.10 
0.03 

2.20 

I O - A  R u n  3 
E f l l t e r  Ceka 

H S l  TCLP 
AVG AVO 

0.29 15.70 
577.00 
688.00 

1.10 
0.90 
0.37 
2.40 
2.90 
0.59 
1 .co 

41.60 
4.60 

143.00 
4.60 

2098.00 
688.00 
86.40 

699.00 
34500.00 

16.40 
221 .oo 

3.00 
36700.00 

206.00 
57.20 
78.70 
0.61 

105000.00 
138.00 

28100 .oo 
4720.00 
430.00 

1960.00 
3480.00 

30.90 

496.00 
261 .OO 

0.79 
0.14 
0.07 
0.54 
2.90 
1.20 

51 .oo 
1.20 
0.28 
1.40 
0.13 

762.00 
277.0Q 

13.40 
286.00 

0.53 
0.00 
0.06 
0.00 

288.00 
0.01 
0.01 
0.01 

0.03 
0.00 

180.00 
2.30 
0.03 
3.10 
2.80 
0.01 

0.32 18.10 
121.00 
194.00 

0.21 
0.22 
0.19 
2.40 
2.60 

1.40 
21.80 
2.70 

63.90 
2.40 

365. 00 
80.00 
4.20 

85.00 
1 7600.00 

6.10 
165.00 

9740.00 
26.40 
14.30 
28.50 

27300.00 
5040.00 57.60 

1070.00 
57.80 

1240.00 
645.00 

8.00 

69.70 
49.40 
0.40 
0.27 
0.10 
1.20 
2.70 

26.90 
3.30 
0.38 
2.60 
0.36 

86.60 
54.30 
2.30 

58.40 
0.75 
0.00 
0.42 

142.00 
0.01 
0.07 
0.01 

0.27 
0.01 

29.40 
10.70 
0.21 
4.90 

10.40 
0.01 

Page: 1 



ID-A RUN 3 

Sol I I 
8-10 Polnt 

SodlUB 
Vrnrdlw 
Zlnc 
r luornt  h m  
Aroclor-1254 
Aroclor - 1260 
Totrl Orgnlc Carbon>, 

ID-A Am S ID-A Run S 
INITIAL CHARACIEAIZA1IOY c .02-.475am 

I D - A  R u n  3 
0 c.02mn 

HSL TCLP HSL TCLP HSL TCLP 
AVO AVO AVO AVO AVO AVO 

335.00 1080.00 
21.40 0.00 7.70 0.01 55.60 0.03 

22.30 0.15 100.00 0.68 
65.00 9.00 
63.00 0.99 

13867.00 64V4 .OO 

10-4 R u n  3 
E F l l t e r  C r k r  

I O - A  R u n  3 
F C a r b o n a t e  Ireated Sol1 

ns1 TCLP HSL TCLP 
AVO AVO AVO AVG 

55500.00 l?OO.OO 
141.00 0.01 43.00 0.01 
421.00 0.01 150.00 ' . 0.25 

Page: 2 P r l n t  Dote: 15.JUL-94 

130.00 1.00 100.00 1 .oo 
243VV.00 22991. JO 



I O - A  RUN 4 PILOT PLAN1 
~ ~ ~~ 

ID-A RA 4 
INIIIAL CHAAACfERlZAll(m 

HSL fCLP 
AVO . AVO 

0.19 20.00 
480.00 
240.00 

1.10 
0.53 
0.09 

8.60 

2.20 
37.00 
2.40 

360.00 
150.00 

7.00 
150.00 

10300.00 
9.90 

92.90 

7450.00 
15.90 
10.50 
14.70 
0.30 

16700.00 
59.90 

3050.00 
621 .OO 

19.80 
759.00 

1170.00 

360.00 
130.00 

1.70 
1 .oo 
1 .oo 

30.00 

1 .oo 
1.00 
1 .OO 

1000.00 
425.00 

12.00 
460.00 

1 .a0 
0.01 
3.70 

249.00 
0.01 
0.00 . 
0.00 
0.01 

. 0.13 
0.01 

40.20 

0.01 
5.90 
3.50 

U n i t r  of Measure HSL TCLP 

ID-A R u n  4 
C .02-.4?5m 

HSL ICLP 
AVO AVO 

S3.50 
94.70 
0.22 
0.26 
0.12 
1 A0 
1.90 

0.68 
16.20 
1.40 

10.70 
1 .80 

66.00 
20.40 

1.10 
210.00 

3580.00 

50.60 

496.00 
17.10 

5.10 

6390.00 
20.90 

763.00 
68.20 
22.10 

455 .OO 
557.00 

43 30 
29.60 
0.32 
0.07 
0.10 
1-70 
1.90 

27.60 
1.50 
0.26 
0.61 
0.16 

45.50 
20.70 

1.20 
21 .oo 
0.41 

0.22 

8.90 
0.01 

0.01 

4.00 
0.04 
2.70 
0.91 
0.14 
2.20 

'4.90 

ID-A R u n  4 
0 c.02mn 

HSL ICLP 
AVO AVO 

0.36 13.50 
73.90 

110.00 
0.31 
0.14 
0.22 
3.10 
3.00 

1 .oo 
15.60 
2.00 

27.40 
1.70 

247.00 
45.60 
2.00 

47.70 
17500.00 

147.00 

. 1850.00 
25.20 
5.20 

18.10 

23100 .OO 
42.80 

3130.00 
254.00 
38.30 

* 1420.00 
1240.00 

503.00 
133.00 

0.79 
0.10 
0.09 
0.78 
1.80 

34 -40 
1.90 
0.26 
1.20 
0.21 

540.00 
197.00 
1Q.80 

212.00 
1 .co 
0.06 

23.50 
0.01 
0.03 
0.01 

21.30 
0.01 

12.60 
2.10 
0.20 
2.60 
8.10 

I O - A  Run 4 
E fllter Cake 

HSL TCLP 
AVO AVO 

0.09 12.20 
1350.00 
1630.00 

0.34 
0.94 
0.50 
1.60 
1 .40 
0.67 
2.20 

95.70 
8.40 

321 .OO 
10.50 

3859.00 
1206 .OO 

85.00 
1184 .oo 

29200.00 

99.70 
3.80 

114.00 
14 100.00 

126.00 
n .00  

105.00 
1 .so 

142000.00 
112.00 

27400.00 
6830.00 
523.00 
594 .OO 

31 70.00 

1420.00 
573.00 

0.05 
0.14 
0.06 
1 .oo 
2.00 
1.20 

25.60 
1.80 
0.37 
1 .CO 
0.20 

1907.00 
989 .OO 
54.70 

1080.00 
0.99 

0.11 
0.00 
0.40 

117.00 
0.01 
0.25 
0.01 

5.30 ., 

0.00 
104 .OO 
47.50 

1.40 
1.90 

19.00 

4' 
3 '. 
. -. 

IO-A R u n  4 . .  
F Carbonate l reated Soil. . 

HSL ICLP 
.-i 

' AVO AVC 

0.56 17.10 
155.00 
309.00 

0.15 
0.26 
0.28 
3.80 
3.60 
0.70 
1.20 

50.00 
5.00 

143.00 
5 .so 

659.00 
85.90 

4.50 
90.50 

28500.00 
10.40 

231 .OO 

10700.00 
38.90 
21.10 
44.10 
0.25 

40300.00 
99.40 

6660.00 
1480.00 

80.00 
\060.00 
821 .oo 

53.20 
34.60 
0.42 
0.07 
0.14 
1 .so 
2.40 
2.70 

24 S O  
2.00 
0.38 
1 .so 
0.22 

45.30 
23.20 
1.60 

26.90 
0.50 
0.00 
0.37 

120.00 
0.01 
0.05 
0.01 

0.11 
0.01 

28.50 
8.30 
0.17 
4.00 

11.00 

Page: 1 



I D - A  RUN 4 PI101 PLAN1 

Sol I : ' IO-A Rurl 4 
S-lO Point 111 T I A 1  CHARACTER1 2AI IW 

H S l  lC1P 
h d y t O 8  AVO ' AVO 

S l t v r r  
Sdlm 
V a d l l n  
zinc 
4,4'-DDD 
4,4'-00E 
4,4' -001 
Aldrln 
Aroclor-1016 
Aroctor- 1221 
Aroclor- 1232 
Aroclor-1242 
Aroclor - 1248 
Aroclor-1254 
Aroctor- 1260 
D I Idr I n 

Endoaulfan t u l f a t o  
EndotulfM- I 
Endrln 
Endrln aldehydr 
Endrln Lotone 
Heptrchl Or 
Haptachlor oporldo 
net hoxych 1 or 
Torrphm 
alpha-OHC 
alpha-Chlordene 
k t r - B H C  
&I ta-BHC 
~ o u I ~ I - B H C  ( L l n b ~ ~ )  
~rma-chlordona 
t o t a l  Orgrnlc Carbon 

I 

EndorUlfM 11 

24.30 

4.10 
4.10 
35.00 
9.20 
41 .OO 
81 .OO 
41.00 
41.00 
41.00 
36.00 
41.00 
29.00 
4.10 
4.10 
2.00 

29.00 
4.10 
4.10 
13.00 
2.00 

20.00 
200.00 
2.00 
2.00 
2.00 
2.00 
15.00 
2.00 

0.00 

0.11 
0.11 
0.95 
0.25 
1.10 
2.10 
1.10 
1.10 
1.10 
1.10 
1.10 
0.99 
0.11 
0.11 
0.05 
1.00 
0.11 
0.11 
0.36 
0.05 
0.53 
5.30 
0.05 
0.05 
0.05 
0.05 
0.52 
0.05 

IO -A  R u n  4 I O - A  R u n  4 
c .02-.415m 0 C602mn 

H S l  ICLP . ' HSL TCLP 
AVO AVO AVO AVO 

7.30 0.01 
178.00 1190.00 . 
11.10 0.01 42.80 0.01 
25.20 0.11 88.50 0.30 

6609.00 .13731.00 

Unlta of Hrrruro HSL ICLP 

Page: 2 Prlnt Date: IC-JUL-94 

ID -A  R u n  C I O - A  R u n  4 
E F l l t e r  Cake F Cwbonate lreated Sol1 

H S l  TCLP ~ HSL ICLP 
AVO AVG AVG AVG 

45.10 0.01 15.00 0.01 

181.00 0.01 66.40 0.01 
1020.00 0.84 21 1 .oo 0.16 

67900.00 9340.00 

69853.00 37353.00 



8 

.&dl 1 I 10-8 RW 5 . a,S*lr Polnt I N l t l A L  CHARACTERIZAT10(1 

HSL TCLP 
AMlytOr AVO AVO 

C ~ ~ I U S -  137 
Groer Alpha 
Grorr Drtr 
Yeptmlrra-237 
Plutoniu-238 
Pluton1 u- 2391240 ' 
Rad I ~ ~ 2 2 6  
Rdlm-228 
Strontlu-90 ' 
lachwtlu-99 
Ihorlm, lotrl 
lhor lm-228 
1 hor lm-230 
lhor Ira-232 
UruIlUS, lo t r t  
Ur on1 ra- 234 
Urmlln-235/236 
U r m l  w-238 
Almlmm 
A r B O d C  
Brrlm 
Orryl l  lca 
C r l c l l n  
C h r a l u  
c o b 1  t 
c0FQ.r 
Cyrnldo 
Iron 
load 
Mawrim 
Mangrnrrr 
Mrrcury 
Ylckrl  
Potrrslun 
S I  1 Icon 

- 68.00 
46.00 

1.40 

2.80 
3.60 
6.00 

11.00 

1.20 
2.20 
1.20 

360.00 
170.00 

7.60 
180.00 

.13500.00 

101.00 
0.85 

50800.00 
17.70 
10.30 
29.10 

22600. 00 

16100.00 
574.00 

0.03 
22.60 

1600.00 

6000.00 
3300.00 

31.00 

1 .OO 
4.90 
5.00 

41 .OO 

* 1.00 
1 .oo 
1.00 

9600.00 
3800.00 
330.00 

4200.00 
0.48 

2.10 
0.00 

652.00 
0.00 
0.00 
0.00 

0.03 

19.40 
1.20 
0.00 
0.01 

. 3.90 

Unlta of Merrurr HSL TCLP 

Radlolqlcr l ,  r e t  I v l  t y  W L  

Volrt  I l ea  wf kg ugf L 
semi -vo l r t  I l o r  ugf kg us/ 1 
Pertlclckr ug/kg W L  

Urrnlm, lotrl;-lhorlun,Total 

10-0 Rm 5 
c .02-.475nn 

' HSL TCLP 
AVO AVG 

0.27 15.00 
2b.10 
92.90 
0.52 
0.12 
0.08 

. 1.70 
1.70 
1.20 
2.50 

' 7.80 
1.10 
3.70 
0.85 

159.00 
22.60 
0.94 

25.70 
21500.00 

8.40 
199.00 

1.10 
23400 .OO 

34.60 
12.30 
51 .40 

4 1000 .OO 
20.80 

6230 .OO 
211 .oo 
35.80 

31 70.00 
405 .oo 

82.90 
59.70 
0.16 
0.32 
0.02 
0.32 
0.43 
1.60 

27.10 
3.90 
0.03 
1.60 
0.43 

260.00 
87.50 
4.40 

92. 50 
0.56 
0.00 
0.13 
0.00 

378.00 
0.01 

,0.03 
0.01 

38.00 
0.01 

39.50 
1.80 

0.24 
1.60 
7.60 

Page: 1 

ID-8  RUN 5 PILOT PLANT 

10-8 R t m  S 
D < . O 2 n  

HSL ICLP 
AVO AVG 

0.32 18.00 
30.90 

174.00 
0.25 
0.10 
0.13 
1 .so 
1.80 
0.62 

12.80 
1 .so 
6.60 
1-40 

289.00 
34.40 
2.00 

37.50 
25400.00 

10.80 
172.00 

1 .so 
44200.00 

36.80 
21.10 
55.20 

44900.00 
7.40 

10600 .OO 
849.00 

' 0.43 
75.30 

2520.00 
491 .OO 

368.00 
122.00 

0.18 
0.13 
0.07 
0.98 
0.52 
2.10 

0.33 
0.17 
0.57 
0.04 

521.00 
171.00 

8.00 
187.00 

0.09 
0.00 
0.53 
0.00 

107.00 
0.01 
0.02 
0.01 

0.09 
0.00 

33.60 
3.00 
0.00 
0.09 
3.60 
5.00 

ID-8 R u n  5 
E F i l t e r  Cake 

HSL TCLP 
AVG AVG 

1130.dO 
1450.00 

0.39 
0.26 
0.31 
0.53 

2.70 
33.00 
4.00 

17.80 
3.60 

3640.00 
1340.00 

74.70 
1460.00 

33700.00 
25.70 
55.20 
4.70 

15700.00 
118.00 
81.00 

155.00 
1.60 

127000.00 
3C.90 

69700 .OO 
4970.00 

368.00 

1100.00 

23.50 
54.10 
0.16 
0.68 
0.11 
0.09 

59.00 
0.00 
0.47 
1.60 
0.00 

227.00 
36.00 
1.80 

39.30 
0.07 
0.00 
0.06 
0.00 

02.50 
0.01 
0.02 
0.01 

0.02 
0.00 

297.00 
4.80 

0.02 

2.60 

d 
- a  
- 0  a 

0 
10-8 R u n  5 

F Carbonate Treated Soil . 
HSL ICLP 
AVG AVG 

0.03 18.00 
13.50 
40.20 
0.57 
0.10 
0.11 
1.20 
0.94 
0.33 
1 .50 
6.80 
0.73 
2.50 
0.75 

41.20 
6.00 
0.48 
7.00 

5560.00 
3.40 

71.70 

62500.00 
14.10 

12.20 

11200.00 
11.70 

2890.00 
141 .00 

i7.00 
93Z.00 
259.00 

6.90 . 
2.00 
0.26 
0.16 
0.00 
0.24 
0.18 
0.51 

0.36 
0.16 
0.44 
0.04 

30.40 
10.10 
0.58 . 

10.80 
0.10 
0.00 
0.06 

819.00 
0.01 

0.01 

0.90 
0.01 

20.70 
0.90 

0.09 
1 .oo 
2.30 

19.10 * 

a 



Sol l ,  
Snpla Polnt 

m l y t 0 B  

Sodlw 
V u u d l u  
Z l n c  
1,2,4-lrlchlorobnzm 
1,t-Dlchlorokmzeno 
1,3-DIchloroknzena 
1.4-Dlchlorokmzms 
2,4,5-lrlchlorophml 
2,4,6-TrlchloropheI 
2.4-DIchlorophenol 
2.4-DlmthyIph0n0l 
2.4-Dlnl trophcnol 
2,i-Dlnl trotoluane 
2.6-Dlnl trotoluane 
2- Chl oronaph t ha l one 
2-ChlorophrnoI 
2-MethyItt@1thdrne 
2-Het hyl phml 
2 4  t roMt t in@ 
2-YI trophmol 
3 ,3 ' -D lch lo r~z ld lna  
3-Nl trow11 In 
4,6-Dlnl t ro-2-r thylph 
4-BraPophmyl phony1 0 
4-Ch\oro-S-mthy\phono 
4 - Chl orophonyl phrnyl 0 
4-H0thylphmol 
4-Nttront I in0 
4-111 tr@MoI 
Acmrphthm 
Ac.Mphthylmr 
Ant h r r c m  
BetnZo(r)MthrrcrM 
Benzo(r)pyrm 
Bmzo(b)f luor.nthor 

10-6 Run 5 
I N I I I A L  CHARACIERIZAIIOW 

' HE1 lC1P 
AVO AVO 

142.00 
25.90 
71 .so 

' 3100.00 
580.00 
380.00 

, 3100.00 
' 1800.00 

380.00 
380.00 
3BO.00 

1800.00 
2800.00 
380.00 
380.00 

6200.00 
380.00 
380.00 

1800.00 
380,00 
750.00 

1800.00 
1800.00 
380.00 

7600.00 
180.00 
380.00 

1800.00 
6000.00 
3300.00 
380.00 
580.00 - 580.00 
380.00 
380.00 

0.00 
1.10 

91 .OO 
12.00 
12.00 
Q4.00 
58.00 
12.00 
12.00 
12.00 
58.00 
93.00 
12.00 
12.00 

170.00 
12.00 
12.00 
58.00 
19.00 
24.00 
58.00 
58.00 
12.00 

150.00 
12.00 
12.00 
158.00 
79.00 

110.00 
12.00 
12.00 

.12.00 
12.00 
12.00 

ID-B RUN 5 PI101 PLAN1 

ID-B R u n  5 
c .02-.475m 

IO-B Rm 5 
E F l l t e r  Cake 

tis1 1c1p HE1 ICLP HSL ICLP' 

586.00 0.20 7730.00 0.20 nsoo.00 0.20 
. 41.60 0.01 41.70 0.01 87.70 0.01 

60.70 0.23 121 .oo 0.07 634.00 0.06 

AVO AVO AVO AVO AVO AVO 

Page: 2 Print Date: 14 .JU1 .94  

10-8 Rm 5 
f Carbonate lreeted Soi l  

HSl ICLP 
AVO AVO 

2c0.00 0.20 
11.90 0.01 
24.60 0.07 



A1 
Sol I I 
Gulpto Polnt 

lmzotc odd 
lenzyl alcohol 
iutyl h t y l  phthalate 
arbrtolr  
: h r y r m  
11-n-butyl phthalato 
11-n-octyl phthalate 
~lben1o(a,h)8nthr8cone 
t h x o f u r n  

a 
0 
B 
C 
C 
0 
0 
0 
0 
Olethy1 phthalato 
Dlrathyl phthalate 
f 1 WrMthOm 
Fluorem 
Herachlorobanzcne 
Horrchlorobutodl OM 
Herrehlorocyclopmtadl 
Horrchloroothono 
Indono( 1;2,3-cd)pyrone 
I rophorona 
N-Nl troao-dl -n-propylr 
1-11 trorodlphenylnlno 
Nophthalono 
N l t r o k n r m  
Pontachlorophonol 
P h m t h r m  
Phonol 
Pyrone 
bl a(24hloroethory)mt 
blr(2-Chloroothyl)otho 
blr(2-Chlorolropropyl ) 
bl8(2-€thylheryl )&the 
p-Chlorornlllno 
4,4'-0DO 

IO-B RUW 5 PI101  PLAWl 
*-1 E? 

P-3 
9 

HSL ICLP HSL ICLP HSL ICLP HSL TCLP HSL ICLP. - 0 
AVG AVO AVG AVG a 

10-0 nu, 5 10-0 R u n  5 10-8 AW s to-a nun 5 10-8 R u n  5 
0 *.02nm E C l l t e r  Cskr C Carbonate Irestcd Sol1 IIIIIAL CHARACILRIZA1ION C .02-.475m 

AVO AVO AVO AVG AVG AVG 

380.00 12.00 
380.00 

1800.00 
380.00 
380.00 
380.00 
380.00 
190.00 
380.00 
380.00 
380.00 
380.00 
380.00 
580.00 
380.00 
380.00 
380.00 
380.00 
380.00 
380.00 
380.00 

3700.00 
380.00 
380.00 
380.00 

6000.00 
580.00 

6000.00 
3200.00 
380.00 
580.00 
380.00 
380.00 
380.00 

1q.00 

12.00 
58.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 ' 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12-00 

110.00 
12.00 
12.00 
12.00 

110.00 
12.00 
91.00 
96.00 
12.00 
12.00 
12.00 
12.00 
12.00 
0.12 

Page: 3 P r e e :  14- JUL-94 e 



801 I I io-e RW 5 
Scrapto Point  IWlllAL CHARACIERIZAIIOW 

H S l  ICLP 
A d y t 8 8  AVO AVO 

4.4' -ODE 18.00 0.12 
4;4~-ml 
Aldrln 
Aroclor-1016 
Aroc I or - 122 1 
Aroclor-1212 
Aroclor-1242 
Aroclor- 1248 
Aroclor-1254 
Aroclor- 1260 
Oleldrln 
Endorul fm I I 

Endorul f8n- I 
Endrln 
Endrln rldehyde 
Endrln Loton. 
Heptachlor 
Haptrchlor 8poxtdr 
Methoxychlor 
I O J t ~ p h ~  
Iphr-enc 

8 I phr -Ch lordma 
kta-OHC 
dsi tr-enc 
g.nw-0nc (llnbrw) 
gllmr-Chlordm 
l o t r l  Orgrnlo Cirbon 

EndorUlfM 8Ulfr tO 

70.00 
34.00 
91.00 
91.00 
91 .OO 
91 .OO 
91 .00 
180.00 

57.00 
18.00 
18.00 
9.10 

110.00 
18.00 
18.00 
21 .oo 
9.10 
91 .OO 
180.00 
9.10 
91 .OO 
9.10 
9.10 
20.00 
91 .00 

9bbO:OO 

iao.00 

10-8 RUN 5 PILOT PLANT 

10-8 Am 5 10-0 R u n  5 10-8 Am I 
C .02-.4tJm 0 c.02mn E Fllter Cake 

HSl ICLP H S l  ICLP HSL TCLP 
AVO AVO AVG AVO AVG AVO 

0.64 
0.30 
0.59 
0.59 
0.59 
0.59 
0.59 
1.20 
1.20 
0.53 
0.12 
0.12 
0.06 
0.08 
0.12 
0.12 
0.23 
0.06 
0.59 
1.20 
0.06 
0.59 
0.06 
0.06 
0.20 
0.59 

22031.00 

PsQe: 4 

12684. 00 60781 .OO 

Prlnt Date: IS-JUL-94 

I O - @  RUR I 
F Carbonate Treated Sort 

HSl TCLP 
AVO AVG 

t o  lV7.00 



A M  1 yt ea 

C ~ S I U -  137 
Groer Alpha 
Groer seta 
Neptullu-237 
P lutonl m- 238 
P~utonlUnm-239i240 
Radla- 226 
R d l u . Z Z 8  . 
Stront t u 9 0  

lhorlua, Total 
Thorlun-228 
lhor lm-230 
lhor lm-232 
U r m i m ,  Total 
Uranlm- 234 
Urnnla-235/236 
Ur mi u- 236 
A l u a l n n  
Arronlc 
Bar lm 
Beryl I lun 

Chranlm a 

Cobal t 
c q w r  
Cyanlda 
Iron 
Lend 
Hngnealm 
Hanganere 
Hercury 
Nlckel 
Pot a** lu 
S l l i C O n  

- l e c h M t h - 0 0  

CDlCl- 

to-a a u t  6 
INITIAL CHARAClLRtZATIW 

HSL TCLP 
AVO AVO 

60.00 
50.00 

1.80 

2.40 
3.60 

17.00 

1.40 
2.20 
1 .oo 

370.00 
160.00 

7.10 
180.00 

13100 .OO 

100.00 
0.80 

s8200.00 
16.90 
9.90 

28.80 
1.40 

22400.00 

15800.00 
576.00 

0.02 
21.30 

1420.00 

5300.00 
29OO.00 

33.00 

1 .oo 
3.70 

30.00 

1 .oo 
1 .oo 
1 .oo 

9500.00 
3300.00 

180.00 
3700.00 

0.35 

1.40 
0.00 

576.00 
0.00 
0.00 
0.00 

0.04 

18.80 
1 .oo 
0.00 
0.01 
3.40 

10-8 k m  6 
c .02-.475m 

HSL 1CLP 
AVO AVO 

0.28 13.00 
31.50 

126.00 
0.46 
0.05 
0.05 

1.80 
0.40 
1.90 
8.80 
0.90 
2.20 
0.97 

180.00 
23.40 
0.99 

. 25.10 
34900.00 

4.70 
232.00 

1.30 
10600.00 

42.00 
13.50 
35.90 

50200 .OO 
22.80 

7980.00 
216.00 

39.40 
5250.00 
365.00 

85.40 
44.60 
0.08 
0.84 
0.15 

0.02 
0.41 

26.60 
1.10 
0.12 
0.41 
0.13 

180.00 
79.50 
4.00 

67.10 
1.20 
0.00 
0.14 
0.00 

158.00 
0.01 
0.03 
0.01 

24.90 
0.00 

35.30 
1 .50 

0.19 
1.70 
8.40 

10-8 RUN 6 PILOT PLAN1 

10-8 R u n  4 
0 4.02m 

I S 1  1CLP 
AVG AVO 

0.18 14.00 
47.10 

193.00 
0.68 
0.08 
0.13 
1.60 
1.60 
0.61 

12.50 
1 .so 
3.70 
1.40 

283.00 
34.70 
2.80 

38.30 
25000.00 

' 13.50 
182.00 

1 .40 
4SbOO . 00 

. 38.80 
23.60 
58.10 

~44200.00 
7.70 

11100.00 
982.00 

93.20 

295.00 
. . 2900.00 

394.00 
165.00 

0.20 
0.18 
0.03 
1 A0 
0.71 
1.80 

1.10 
0.01 
0.64 
0.12 

704 .oo 
269.00 
13.80 

291.00 
0.07 
0.00 
0.57 
0.00 

599.00 
0.01 
0.02 
0.02 

0.27 
0.00 

33.60 
2.70 

0.12 
3.80 
5.20 

Units of Merrure HSL 1CLP 

P.g.1 1 P r y  I 1 4 - J U L - 9 4  

to-e am 6 . 
E Fllter Cnke 

HSL lCLP 
AVG AVO 

1080.00 
1540.00 

0.20 
0.13 
0.29 
0.53 

4.60 
35.10 
4.30 

11.50 
3.90 

3700.00 
1560 .OO 

71 -50 
1590.00 

39500.00 
31.90 
56.70 
5.20 

26700.00 
109.00 
80.40 

172.00 
0.77 

142000.00 
50.80 

79400 .oo 
5 170.00 

310.00 

952.00 

5720.00 
4240.00 

0.06 
0.06 
0.07 
1.10 

108.00 
7.20 
1.10 
4.40 
0.79 

16100.00 
5590.00 
417.00 

6130.00 
44.00 
0.00 
0.26 
0.01 

179.00 
0.02 
0.23 
0.03 

3.00 
0.00 

494.00 
25.60 

1.10 

49.60 

7.40 
41.10 
0.47 
0.21 

1.20 
1.10 
5.40 
1.00 
4.00 
0.75 
1.30 
0.51 

41.70 
4.30 
0.16 
5.00 

6660.00 
2.00 

68.10 

a. 14 

~. 

0.35 
55300.00 

14.00 

10.30 

10700 .OO 
10.50 

3260.00 
122.00 

17.10 
1190.00 
226.00 

16.20 
18:80 
0.31 
0.30 
0.01 
0.19 
0.17 
0.43 
9.80 
0.08 
0.01 
1.00 
0.01 

44. 30 
23.b0 
1.20 

26.30 
0.18 
0.00 
0.12 
0.00 

813.00 
0.02 

0.01 

1.50 
0.01 

27.50 
1.20 

0.12 
1 .so 
3.60 



' SO118 
O u p h  Polnt 

ruulytra 

Silver 
SodI ra  
V a M d I u  
Z lnc  
D I - n - h t y l  #vahaIats 
I o t r l  Orgrnlc Carbon 

ID-B RW 6 
IN1 1 I AL CHAAACIER I2 AT 1011 

HSL' ICLP 
AVO AVO 

149.00 
23.90 0.00 
67.90 0.60 

100.00 9.00 
' 10600.00 

10-8 RUN 6 PILOI  PLAN1 

10-0 RW 6 io-e RW 6 
c .02- .4nm 0 c.02m 

HSL ICLP HSL ICLP 
AVO AVO AVO AVO 

177.00 0.20 5620.00 0.20 
. S9.10 0.01 45.20 . 0.01 

82.60 0.23 119.00 0.06 

22822.00 23422.00 

10-6 R u n  6 
E f l l t e r  Cake 

HSL TCLP 
AVO AVO 

6.20 0.02 
73000.00 s15.00 

97.20 0.01 
430.00 0.95 

7371.00 

unlrr of Harrura HSL ICLP 

Page: 2 Print Oetc: 14-JUL-94 

10-8 R u ,  6 
f Carbonate  lrostcd Sol1 

HSL ICLP 
AVO AVO 

253.00 0.20 
11.90 0.01 
22.40 0.01 

4424.00 



836 
s- 

. .  . e 



'9 
.'3 
a0 

I 
Sol I I AS- 1 

1' ~anpte Polnt INIIIAL CHARACIEIIZAIlOW 
nsc ICLP 

AMlyte8 AVG SIOEV AVO SIDEV 

Plutonlun- 238 '0.06 0.0 
P I  utonlun- 2391240 0.05 
Rad1 un- 226 
Radlm- 228 
IechnetItm-99 
I h o r l u ,  r o t r l  , 
lhor I ua- 228 
lhor lu-230 
lhorlrrs-232 
Urmltm, l o t r l  
Urmlun- 234 
Urmlu-235 
Urrnlua-Z35/236 
Urrnl m- 230 
AIunI~km 
Arrrnlc 
B a r b  
Beryl I lu 
C a l c l u  
C h r m h  
C o b r l t  
1 ron 
Lead 

Mangallera 
Mercury 
Nlckrl  
P o t r r 8 t u  
Sllvrr 
S o d l u  
V d l m  
ZlnC 
Dlethyl p)lthrlrtr 
bir(2-lthylhrxyl )@the 

nOgM8lup 

0.90 
0.75 

12.40 
2.00 

12.10 
1.40 

5580.00 
77.40 

4.30 
63.90 

6.80 
80.'60 
0.56 

17.30 
9.60 

17.10 

519.00 
0.09 

18.50 

1 .a0 

23.10 
19.80 

150.00 
400 .00 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 . 

0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 
0.0 

AS-1 PLAN1 9 

AS- 1 
CARBOWAIE UASHEO SOIL 

HSL 1c1p 

AVO SlDEV AVO SlOEV 

0.02 0.0 0.07 0.0 
. 0.01 

1 .oo 
' 0.49 

3.70 

0.44 
0.41 
0.33 

13.00 * 

0.67 

10.00 
91V0.00 

3.60 
67.70 

105000.00 
15.40 
10.60 . 

21200.00 
11.20 

30500.00 
509.00 . .  

0.05 
23.10 

1660.00 

1 270.00 
26.50 
51.30 

a. 72 

* *  

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

3.90 0.0 
1.40 0.0 

75.00 0.0 

0.00 0.0 
0.04 0.0 
0.05 0.0 

430.00 0.0 
35.00 0.0 

370.00 0.0 
0.36 0.0 
0.00 0.0 
1.30 0.0 

1940.0d 0.0 
0.04 0.0 
0.01 0.0 
0.63 0.0 
0.00 0.0 

35.30 0.0 
6.00 0.0 
0.00 0.0 
0.01 0.0 
1.80 0.0 
0.03 0.0 

60.60 0.0 
0.27 0.0 
0.21 0.0 

unltr of nrrrure HSL ICLP 

Radlologlcrl, ac t lv l ty  m g  pcI/L 
Uranlun, lotal;  1horluu.Iotal mg1kg W1L 
Volatl ler w / k e  ug/L 
Seal-volr t l ler  w /ke  ug/l 
Pcstlcider w/ke W1L 
Metal8 mg/ks . w/L 

Page: 1 



AS.2 
111 T I  A 1  CHARACTER I Z A T  IOW 

HSL TCLP 

Ana I y t or AVG . STDEV AVO SIDEV 

Led-210 0.66 0.0 
Plutanlu-236 

R d  I rn-226 
R d l ~ a - 2 2 8  
Techmt b - 9 9  

Plutonlra-Z39/240 ' 

Ihorlun, l o t r l  
Ihorlu-228 
Ihor l u - 2 3 0  
Thor lu-232 
Urmlrn, Total 
Urmlrn- 234 
Uranlun- 235 
Uranlrra-235/236 
Uranlra-238 
A l r n l n m  
Arrenk 
Err  lua 
Beryl l lu 
C e l c l u  
Chronlrn 
Cobol t 
Iron 
Lard 
M r g w r l u  
Mangarwar 
Mercury 
Y l c k d  
P o t r r r l u  
Sllver 
S o d l r n  
V u \ r d I u r  
Z l n c  
Eonrotr)pyrm 
Benro(b)f tuorrntheno 

0.07 
0.20 
1.10 
0.82 

6.10 
1.60 
8.50 
0.95 

4670.00 
101.00 

4.30 
85.40 

4.90 
66.00 
0.57 

16.40 
9.60 

10.20 

478.00 

16.90 

3.00 

22.00 
37.30 
43.00 
75.00 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 

Unltr of Maraure HSL TCLP 

W i L  
- 
Pci'g ug/L 

Rdlologlcr l ,  ectlvlty 
Uranlur, Total; Thorlun,Iotal m e l h  
Volat I lea ug/kg ug/L 
semi-voletiles W k g  ug/L 
Pastlcldes 

AS-2  PLANT 2/3 

AS-2 
CARBOWATE UASHEO SOIL 

HSL TCLP 

AVG SIDEV AVG SlDEV 

0.02 
0.07 
1 .50 
0.48 
1.20 

0.43 
2.70 
0.24 

16.00 
0.91 

15.00 
7380.00 

4 .90 
69.40 

91400. 00 
14.10 
8.10 

16700.00 
25.40 

31300 .OO 
467.00 

0.10 
17.10 

1030.00 
1.30 

23.40 
53.20 

~z90.00 

* I  

0.0 0.00 0.0 
0.0 0.01 0.0 
Or 0 3.50 0.0 
0.0 1.30 0.0 
0 .0 37.00 0.0 

0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.19 0.0 
0.28 0.0 
0.07 0.0 

740.00 0.0 
41.00 0.0 

690.00 0.0 
0.59 0.0 
0.00 0.0 
0.63 0.0 

1530.00 0.0 
0.04 0.0 
0.01 0.0 
0.67 0.0 
0.02 0.0 

26.90 0.0 
4.30 0.0 

'0.01 0.0 
0.01 0.0 
1.50 0.0 
0.03 0.0 

0.08 0.0 
0.03 0.0 

135.00 0.0 

Page: 1 te: 1 4 - J U L - 9 4  



Sol I : 
Swplo Polnt 

Chryrene 
01 -n-hutyl phthrlrte 
DIothyl phthrlrte 
f luormthene 
Pentrchlorophanot 
Phenanthrene 

AS-2 PLANT 2/J 

AS-2 
I N l l l A L  CHARACIEIIZATIOY 

HSL TCLP 

A S - 2  
CARBDNATL WASHED SOIL 

HSL TCLP 

AVO STOEV AVO STOEV AVG SlOEV AVG STOEV 

48.00 0.0 
100.00 0.0 
46.00 0.0 
98.00 0.0 
38.00 0.0 
75.00 0.0 

Pyreno 86.00 0.0 
blr(2-Cthylhgryl )@tthr ' 5000.00 0.0 

TCLP 

Pege: 2 Print Dete: IC-JUL-94 



e3 
00 AS-3 PLANT 6 

Sollr A S - 6  A S - 6  
Polnt I N I T  I A L  CHARACIERI ZAIIOW H2SOG UASHEO SOIL 

HSl TCLP H S l  1c1p 

AM\ytea AVO SlOEV AVO 810EV AVG STDEV AVG SlOEV 

had-210 4 Z . b  57.9 170.00 0.0 
P I  u t ~ f m . 2 3 8  
Plutonfm-239 
P1 utonlrn- 239/240 
Rdlrn-226 
Radlm-228 
lechnt lu .99  
lhorlu-220 
lhor Im-230 

4hor lm-232 
Uranlun, Total 
Uranlm-234 
Uranl ur-235 
Urmlm-235/236 
Ur an I m- 238 
A l u n l n n  
Arrmlc 
Barlun 

.Bery l l Im . 
Calc lm 
C h r m l m  
Cob1 t 
Copprr 
Iron 
lead 
H a O n r l u  

Wlckrl 
Pot aaa lu 
Srlrnlm 
S o d l u a  
V m n d l u  
Ilnc 
Bonxo(a)rnthrrcme 
Omxo(o)pvrrrw 

HanQWWaO 

0.01 

0.01 
273.50 

. 0.45 
32.55 
0.25 
3.70 
0.27 

9.30 

0.45 
10.15 

9855.00 
7.95 

66.05 

47100.00 
13.65 

17.75 
19600.00 

31.45 
16600.00 

572.50 
19.50 

t 185 .00 

21.40 
65.80 
31.00 
30.00 

0.0 

0.0 
191.6 

0.0 
33.2 
0.0 
1 .0 
0.0 

1.3 

0.0 
1.2 

205.1 
0.1 
0.2 

1697.1 
0.2 

0.2 
141.4 

0.8 
424.3 

2.1 
1 .O 

77.0 

0.4 
0.3 
1 .4 
5.7 

0.01 0.0 

0.02 0.0 
890.00 0.0 

3.50 0.0 
0.23 0.0 
0.17 0.0 
0.38 e.0 

39.00 0.0 

43.00 0.0 
0.03 0.0 
0.00 0.0 
0.09 0.0 

686.00 0.0 
0.01 0.0 

0.01 0.0 
0.35 0.0 
0.00 0.0 

27.30 0.0 
0.02 0.0 
0.01 0.0 
3.70 0.0 

0.04 0.0 
0.10 0.0 

0.09 
0.23 

67.00 
0.63 
0.45 
0.42 
1.90 
0.20 

2.80 
0.10 

2.90 
7660.00 

5.90 
67.90 
0.70 

52 100.00 
27.60 
2.90 

14.10 
16300.00 

17.20 
4110.00 

120.00 
23.80 

1330.00 
0.93 

72.70 
21 3 0  
40.60 

0.0 0.02 
0.0 

0.0 210.00 
0.0 
0.0 3.00 
0.0 0; 02 
0.0 0.13 
0.0 0; 03 

0.0 1.10 
0.0 0.09 

0.0 1 .00 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0;0 

0.0 

Page: 1 18:  14-JUL-94 
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so111 . 
8wplr Polnt 

AMlytrr  

Benro( b) f I uorrnthsne 
Eonxo(g,h, I )prylono 
Eonxo(k)f luorrnthene 
C h r y r m  
f tuormthme 

Phenanthrene 
~ P y r m  

4,4'-DDE 
Aroclor-1254 
fndrln 

I Indmo( 1,2,3-cd)pyrsne 

AS-3  PLAN1 6 

AS-6 
I I I I I A 1  CHARACIEA I Z A I  I ON 

HSL lClP 

AS-6  
HZSOS UASHED SOIL 

HSL ICLP 

AVQ SIOEV AVG SlDEV AVG SIDEV AVO SIOEV 

51.00 . 7.1 
23.50 2.1 ' 

20.00 2.8 
39.00 1.4 
80.00 2.8 
22. SO 0.7 ~ . .  

24.50 3.5 
69.00 2.6 

1 .so 0.0 
25.50 2.1 
2.55 0.4 

unltr of Mrrrurr HSL TCLP 

Page: 2 Print Date: 14-JUL-94 
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Sol I : AS-5 
S q l e  Polnt INITIAL CHARACIERIZATIOW 

HSL TCLP 

Ainrlyter AVO SIDEV AVO SIDEV 

Led-210 . 40.25 41.2 
Plutonlis- 238 
P I  utonlm- 239/240 
R a d  I UI- 226 
Rrdl U-228 
Iochnetlrn-00 
Thorlrra-228 
lhorlm-230 
lhor Im-232 
Ursnlu,  l o t r l  
Uranl m-234 
Uranl u- 235 
Urrnf m-235/236 
Urrni m-238 
Almlnw 
Arrenlc 
Bsrlrn 
Boryll Ira 
C.balUn 
Crlclrn 
Chramlur 
Cobol t 
Copper 
Iron 
L O l d  
Hagner I t a  

Worcury 
Nlckol 
Potrrr lm 
Sodl ln 
Vuudlln 
21w 
Acmaph thane 
Anthrscena 

nmglM80 

41.90 
4.05 

256.50 
254. 00 
30.15 

5.65 
18.90 

111.50 

2.90 
28.50 

13350.00 

533.00 

27.61 

7.40 

107000.00 
82.15 
24.25 

1771.00 
21200.00 

324.50 
26600.00 

557.50 
0.64 

21 90.00 
535. 00 
39.00 

72.00 
160.00 

78.80 

177.~0 

11.3 
1.1 

55.9 
2.8 
2.6 
2.1 
1.3 
2.1 

23.3 

0.1 
5.1 

212.1 
0.1 
5.7 

2028.4 
11.5 
0.6 
7.1 

2121.3 
46.0 

282.8 
23.3 
0.0 
7.9 

212.1 
5.7 
2.5 
6.4 
'9.9 

28.3 

0.96 0.0 

130.00 0.0 

36.00 0.0 
46.00 0.0 
0.18 0.0 
0.23 . 0.0 

5100.00 0.0 

1400.00 0.0 
0.03 0.0 
0.00 0.0 
2.70 0.0 

741.00 0.0 
0.01 0.0 
0.00 0.0 
2.40 0.0 
0.03 0.0 
0.05 0.0 

21.10 0.0 

0.00 0.0 
0.09 0.0 
2.20 0.0 

1380.00 0.0 
0.00 0.0 
0.40 0.0 

0.87 0.0 

te: 14-JUL-94 '8 Page: 1 

AS-4 
CARBONAIE UASHEO SOIL 

HSL ICLP 

AVO SIDEV AVO SIDEV 

51 -00 0 .0 50.00 0.0 . . ~ ~ .  

77.00 
7.60 

400.00 
230.00 

7.60 
7.80 
1.60 
8.00 

72.00 

17.00 

1.40 

8160.00 
6.00 

299.00 

0.36 
133000. 00 

56.90 
15.10 

1130.00 
17400.00 

360.00 

405.00 
0.46 

53.30 
1650.00 
1810.00 

33.10 
127.00 

~2700.00 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0- 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

. . . ~ ~  

3.90 0.0 
0.54 

230.00 
1 400. 00 

14.00 
22.00 
0.51 
0.85 

1400.00 
27.00 

380.00 
0.68 
0.00 
4.10 

0.02 
1430.00 

0.04 
0.W 

10.50 
0.32 
0.20 

33.00 
3.20 
0.00 
0.24 
1 .40 

91 .50 
0.20 
1.30 

0.0 I 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Unftr O f  HOs8UrO HSL ICLP 

iZU1 
ug/L 

Rodlologlcrl, oct lv l ty  
Ursnlun, l o t r l ;  Ihor lm, Io t r l  me/ke 
Vola t I I os WhI ug/L 
Sml -vol.t l i e 8  UQ/b  U9/L . 
Past IC f der ue/ka 

AS-4  PlLOI  PLAN1 

AS-4 
H2SOC UASHED SOIL 

HSL TCLP , 

AVO SIOEV . AVO SIDEV 

4.60 0.0 
56.00 
5.30 

66.00 

2.80 
66.00 
11.00 
45.00 

28.00 
0.68 

9.40 
6TJ0. 00 

6.80 
335.00 

0.87 
0.29 

129000.00 
19.70 
3.50 

114 .OO 
12200.00 

12200.00 
144.00 

0.72 
16.00 

2000.00 
198.00 
34.10 
29.90 

270.00 

397.00 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2.90 0.0 
0.24 0.0 

53.00 0.0 

69.00 0.0 
14.00 0.0 
2.30 0.0 
9.10 0.0 

430.00 0.0 
7.10 0.0 

120.00 0.0 
2.20 0.0 
0.00 0.0 
0.34 0.0 
0.Qf 0.0 
0.01 0.0 

1540.00 0.0 
0.02 0.0 
0.04 0.0 
0.60 0.0 
0.50 0.0 
0.98 0.0 

76.30 0.0 
2.00 0.0 
0.00 0.0 
0.18 0.0 
1.30 0.0 

0.04 0.0 
0.37 0.0 

3.70 0.0 



AS-4 PI101 PLAN1 

80111 
8anplr Point 

Anilytea 

Benxo(e)nthrrcene 
Benro(a)pyrmr 
Benxo(b)f luorrnthm 
Binxo(g,h, I ) p e r y l m  
Bmxo(k)fluorMthene 
C8rbstolr . 
Chryrene 
01-n-butyl phtheletr 
Olbenro( r, h)mthraceno 
0 Ibenxofuran 
Olmothyl phthalate 
f luorMthene 
f luorene 
Indmo( 1,2,3-cd)pyrme 
Phenanthrene 
P y r m  

AS-4 
lNlllA1 CHARACIE I IZAI IOY 

I S 1  lC1P 

AVO SIOEV AVO SlOEV 

740.00 14.1 
685.00 4v.s 

1100.00 0.0 
600.00 70.7 
435.00 21.2 
120.00 14.1 
895.00 7.1 

' 185.00 106.1 
130.00 0.0 
55.00 4.2 
34.00 0.0 

1850.00 70.7 
74.00 11.3 

590.00 56.6 
1100.00 ' 141.4 
1700 .oo 0.0 

~~~ 

AS-4  
HZSOG UASHED SOIL . 

H S l  ICLP 

AVO SIDEV AVO SIDEV 

Page: 2 Print Date: IC-JUL-QC 

AS-4 
CAABOUAIE UASHEO SOIL 

HI1 lC1P 

AVG. SIDEV AVO SlOEV 



Sol I I 
S q l r  Polnt 

A n a l  yt  ea 

lead-210 
Plutonllm-238 
P I  u ton1 u- 239 
P I  utonl u- 239/240 
Radlu-226 
R d l  u- 228 
Iechnetlm-00 
Ihor lu-228 
Ihorlm-230 
Ihor Ira-232 

U r d u - 2 3 4  
Urmllrr-235 
Uranl u-235/236 
U r m l u - 2 3 B  
A l u ~ l f n m  
Arsenlc 
Barlun 
eeryl I Iua 
C a l c l w  
Chrmlm 
C o b r l  t 
Copper 
Iron 
L e d  
Ragne#lm 
n e n g a ~ a r  
Nickel 
P o t r a a l u  
S d e n l u  
S O d h  
V a n d l l n  
2lnc 
2-Methyl~phthaIene 
Anthrrcem 

- 
UfUllW, 10td  

AS-5 
I W I  r I A L  CHARACTEAIZAIIOW 

I S 1  ICLP 

AVO SIOEV AVO SIOEV 

3.15 0.2 
0.37 0.1 

0.47 ' 0.2 
1.41 
0.72 

58.50 
0.88 
2.00 
0.77 

42.20 

2.55 
33.00 

9TJ0.00 
9.90 

111.50 

72100.00 
14.15 

18.01 
2 1600.00 

24.35 
16250.00 

603 a 50. 
21.05 

1260.00 

22.70 
62.75 

675 .OO 
18.10 

1.5 
0.0 

16.7 
0.3 
0.6 
0.3 

6.8 

0.6 
5.4 

664.7 
0.0 
7.8 

1131.4 
0.8 

0.6 
3818.4 

0.1 
353.6 

7.8 
0.1 

183.8 

1.0 
3.0 
7.1 
9.2 

2.50 0.0 

0.30 0.0 
18.00 0.0 

55.00' 0.0 
2.00 0.0 
0.25 0.0 
0.53 0.0 

2100.00 0.0 

1600.00 0.0 
0.03 0.0 
0.00 0.0 
1.50 0.0 

17BQ.00 0.0 
0.02 0.0 

0.01 0.0 

0.01 0.0 
52.80 0.0 
6.80 0.0 
0.04 0.0 
4.80 0.0 

0.03 0.0 

0.05 0.0 
0.21 0.0 

Unit# of Reaauro HSl TClP 

AS-5 GRAPHIIL FURNACE 

AS-5 
H2SOC UASHEO SOIL 

HSl  I C L P  

AVO SIOEV AVG s row 

0.53 0.0 
0.06 0.0 

0.78 0.0 
0.70 0.0 

14.00 0.0 
' 1.70 0.0 

3.60 0.0 
0.65 0.0 

53.00 0.0 
3.70 0.0 

41.00 0.0 
6C90.00 0.0 

7.00 0.0 
118.00 0.0 

0.86 0.0 
61500.00 0.0 

9.90 . 0.0 
3.30 0.0 

10.70 0.0 
12900 .OO 0.0 

15.90 ' 0.0 
3910 .OO 0.0 

96.50 0.0 
12.70 0.0 

1300.00 . 0.0 
0.70 0.0 

103.00 0.0 . 
20.30 0.0 
31.90 0.0 

0.03 0.0 

3.00 0.0 

230.00 0.0 
0.33 0.0 
0.22 0.0 
1.00 0.0 

30.00 0.0 
1.40 0.0 

24.00 0.0 
0.11 0.0 
0.00 0.0 
0.30 0.0 
0.01 0.0 

1110.00 0.0 
0.02 0.0 
0.01 0.0 
0.01 0.0 
0.96 0.0 
0.01 0.0 

67.40 0.0 
1.80 0.0 
0.03 0.0 
2.30 0.0 
0.00 0.0 
2.30 0.0 
0.04 0.0 
0.19 0.0 

Psgi: 1 



AS-5  GRAPHIIE FURNACE 

Sol I : ' AS-5 ' 

Sulplo Point I N l l l A L  CHARACIERIZAlIOI) 
HSL l C L P  

. AS-5 
HZSW UASHEO SOIL 

HSL ICLP 

Arm I y t or 

@enro(r)mthrrcene 
Benzo(r)pyrm 
B e n r o ( b ) f l u o r m t h e n e  
Bcnzo[g,h, 1)perylanr 
Benro(k)f hmronther 
C h r y r e n e  
0 1 - n - b u t y l  phthslote 
Olbanzofurrn 
f IuorMthm 
I d n o (  1,2,3- cd)pyrrno 
N a p h t h a l e n e  
P h a n r n t h r a n s  
Phenol  
Pyrene 
Aroclor-125b 
Arotlor-1260 
D l r l d r l n  
Endr In 
g ~ - C h l o r & M  

- 
I 
4 
9 

10 
1 

12 
I 

16 
- 6  

b 
35 
45 
19 
10 

345 
220 

5 
22 
2 

IVG SlDEV AVO SlOEV AVG SlDEV AVO SlOEV 

1.50 0.7 
I . I O  3.5 
1.00 9.9 
1.00 7.1 
'.SO 4.9 
1.00 0.0 
1.00 36.8 

l b . l  
!.50 0.7 
1.50 2.1 
1.00 14.1 
1.00 49.5 
1.00 21.2 
'.oo 7.1 
1.00 70.7 
1.00 0.0 
1.00 1.1 
1.00 0.0 
.oo 1.4 

Unltr of nrrruro HSL I C L P  

Pagel  2 Print  Date: 14-JUL-94 



AS-6 PADDY'S RUN 

boll: AS-6 
Smplo Polnt IN1 llA1 CHARACIERI ZAI ION 

HSL ICLP 

A n o l  ytrr 

Lead-210 
Plutonlu-238 
P I  u ronlu- 239 
Plutonlrm-239/240 
l d l ~ ~ - 2 2 6  
Rad I LR- 226 
IeChMtIra-99 
lhor lm-228 
1 hor Im- 230 ' 

lhor I--232 
Urwlm, total 
Uranlm-234 
Urrnlun-235 
Uranlua- 235/236 
Uranlm- 238 
A l u n l w  
Arrenlc 
Bnr tun 
Beryl 1 IU 
CalcIm 
Chronlun 
Cobel t 
copprr 
I rm 
load 
Magnor f u  
Mnnganar, 
Nlckrl 
Potrrr lu 
srlenlun 
s o d i u  
V n n r d l u  
Zlnc 
e m r o ( r ~ u ~ t h r r c a m  
Brnro(a )pyre~  

AVO 

42.85 
0.01 

0.01 
273. 50 

0.45 
32.55 
0.25 
Si70 
0.27 

9.30 

0.b5 
10.15 

9855.00 
7.95 

66.05 

47100.00 
13.65 

17.75 
19600.00 

31.45 
16600.00 

572.50 
19.50 

I185 .00 

- 

21 .40 
65. 80 
31.00 
30.00 

SIOEV 

57.9 
0.0 

0.0 
191.6 

0.0 
33.2 
0.0 
1 .o 
0.0 

. 1.3 

0.0 
1 .2 

205.1 
0.1 
0.2 

1697.1 
0.2 

0.2 
141.4 

0.8 
b21.3 

2.1 
1.0 

77.8 

0.4 
0.3 
1.4 
5.7 

AVO 

Unltr of Mrrrure HSL lC1P 

Radloloplcal, act lv l t y  
Uranlm, lotrlj ~lhorlun,Iota 
Volatl ler 
Sml-voI8t l  I e s  
Pest Iclder 

0.01 

0.02 
890.00 

3.50 
0.23 
0.17 
0.38 

39.00 

b3.00 
0.03 
0.00 
0.89 

686.00 
0.01 

0.01 
0.35 
0.00 

27.30 
0.02 
0.01 
3.70 

0.04 
0.18 

SIOEV - 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

A S - 6  
HZSOC UASHEO SOIL 

HSL I C L P  

AVO S T O W  AVO SlDCV 

170.00 0.0 
0.09 0.0 0.02 0.0 
0.23 0.0 

67.00 0 .o 210.00 0.0 
0.63 0.0 
0.45 0.0 3.00 0.0 
0.42 0.0 0.02 0.0 
1.90 0.0 0.13 0.0 
0.20 0.0 0.03 0.0 

2.80 0.0 1.10 0.0 
0.10 0.0 0.ov 0.0 

2.90 
7660.00 

5.VO 
67.40 
0.70 

52100.00 
27.60 
2.90 

14.10 
16300.00 

17.20 
4110.00 

120.00 
23.80 

1330.00 
0.93 

72.70 
21.80 
40.60 

0.0 1.00 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

' 0.0 
0.0 

. 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

. .  
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AS-6 PADDY'S RUN 

Sol I : AS-6 AS-6 
Snp lo  Polnt I N l l l A L  CHARACIERIZAl lOl l  H 2 S a  WASHED SOIL 

HSL ICLP WSL ICLP 

AVO LIDEU AVO EIDEV AVO SIDEV AVO SIDEV AN 1 y COB 

Benzo(b)f luoronthcne 51.00 7.1 
Bcnro(g,h, I Bpery4m 23. 50 2.1 
Bmto(k)flwranthm 20.00 2.8 
Chryrm 59.00 1.4 
f I wrMthU@ 10.00 2.8 
Indam( 1,2,li-cd)pyrene 22.50 0.7 

24.50 3.5 
69.00 2.8 

Phmthrrno 

4,4'-00€ 1 .so 0.0 
Aroclor-1256 25.so 2.1 
Endrln 2.55 0.4 

. Pyrono 

Unltr of Hrrrurr HSL TCLP 

Page: 2 
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eD 
CQ 
ob 

AS-7 SOUIH OF KC-2 UAREHWSE 
~~ ~ ~ 

Sollr  AS-7 
Swplo Polnt IYllIAL CHARACIERIZAlIdW 

HSL TCLP 

Analytoo AVO STOW AVO SIOEV 

Load-210 2.30 1.6 
PI utonl m- 238 0.01 
P I  u ton1 111)- 239 
PlutonlUn-239/240 
Rdlm-226 
Radlm-228 
Technet ira-00 
lhor Ira-228 
lhor Im-230 
Thorim-232 
Urmlun, Total 
Uranlra-234 
Uranlrrr-235 
Urontm-Z35/236 
Uronlm-238 
A l u n l n n  
Areanlc 
Brrlra 
m y 1  I lu 
C O I C l t a  
Chrmlu 
Cob.1 t 
copprr 
Iron 
L e d  
H r e M r l u  
)tUWaM80 
Horcury 
Ylckol 
Po tear lm 
S o d I r a  
T h o l l l u  
V o d l u  
L h C  
1,l-0 I chl or00 thono 

0.03 
2.15 
0.65 
2.15 
0.09 
0.43 
0.12 

14.00 

0.73 
17.40 

5230;00 
6.65 

I 08.10 

142000. 00 
18.50 

93.55 
172[ro.00 

w.40 
3 1900.00 
617.00 
0.08 
11.70 
647.50 
494.00 

12.10 
120.50 
56.00 

0.b 

0.0 
1.2 
0.0 
2.3 
0.0 
0.2 
0.1 

1 .o 

0.1 
0.8 

226.3 
1.1 
6.6 

4242.6 
2.8 

79.8 
565.7 
15.0 
424.3 

4.2 
0.0 
1.1 
29.0 
0.0 

0.4 
9.2 
0.0 

Unltr of norsuro HSL l C 1 P  

Radlologlcal, actlvlty 
Uranlm, Total; Ihorlun,Total mg/kg 

p c l / L  
ug/L 

Vol at I to* W k e  ug/L 
S ~ l  -uolatl lor w l k g  ug/L 
Pest lcldes ug/ke ug/L 

0.01 0.0 

0.02 0.0 
3.90 0.0 
2.10 0.0 
0.83 0.0 
0.07 0.0 
0.11 0.0 
0.09 0.0 

120.00 0.0 

130.00 0.0 

0.02 0.0 
0.70 0.0 

5e4.00 0.0 
0.01 0.0 

0.02 0.0 

0.04 0.0 
15.50 0.0 
1.00 0.0 
0.00 0.0 
0.02 0.0 
2.20 0.0 

0.03 0.0 
0.19 0.0 

AS-?. 
HZSOC UASHEO soi l  

HSL TCLP 

AVP SIOEV AVG SIOEV 

AS- 7 
CARBWATE UASHED SOIL 

HSL ICLP 

AVG SIOEV AVG SIOEV 

0.06 
. 0.00 

1 .OO 
0.76 
0.58 
0.79 
1.80 
0.72 

6.40 
0.25 

7.80 

0.25 
0.00 

11 70.00 

0.01 

28.60 
1.40 
0.00 

2.10 
1250.00 

0.05 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 

0.0 

0.01 0.0 

5.60 0.0 

1.50 0.0 
0.02 0.0 
0.03 0.0 
0.03 0.0 

34.00 0.0 
1.90 0.0 

53.00 0.0 

0.19 0.0 
0.00 0.0 

1250.00 0.0 

0.13 0.0 

37.30 0.0 
1.50 0.0 
0.00 0.0 

1.50 0.0 
1410.00 0.0 

0.00 0.0 

0.17 0.0 

0.10 

0.10 
4.10 
0.55 
0.65 
1.70 
4.80 
1.60 

13.00 
0.91 

17.00 
6730.00 

6.40 
86.90 

150000.00 
20.70 
7.90 
42.30 

20900 .OO 
81.40 

33600.00 
694.00 
0.13 
19.30 

1940.00 

2c.80 
154.00 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0" 

0.0 

0.0 
0.0 

0.02 

2.80 
0.21 

48.00 
0.06 
0.21 
0.04 

110.00 
3.50 

150.00 
0.21- 
0.00 
0.70 

1980.00 
0.05 
0.03 
0.02 
0.06 
0.03 
28.10 
6.10 
0.00 
0.03 

73.W 

0.29 
0.39 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 
0.0 , 
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@ .  
AS-? SOUIH OF KC-2 UAAEHOUSE 

Sol 1 I 
Sa6plr Polnt 

m1yt.r 

D m r h  
Chl orobonrono 
Ioluen 
lrlchloroothena 
l r k h l o r o f  luororssthene 
2-ne thy lnrph t ha l em 
Acenaphthem 
Acenrph t hyl o r  

Benro(r)mthrrcene 
Benxo(r)pyrenr ' 

Benro(b)f luormthene 
Benro(g,h, Operylcne 
Benro(k) f luormthene 
Csrberolo 
Chryreno 
01-n-butyl phthrlrto 
Olbmro(a,h)mthreceno 
DlknlOfUrM 
f luorrnthen 
Fluorom 
Indmno(t,2,3-cd~pyiror 
Wrph t h r  l m 
Phmmthreno 
Pyran 
Aroclor-1254 
Aroclor-1260 
Dlrldrln 
fndorul f M  I I 
Endr In 
gnmr-Chlordrr 

Anthrrcer 

AS-? 
I U l I l A L  CHARACIERIZAIIOY 

WSL ICLP 

AVG S10EV AVG SIDEV 

. 16.00 0.0 
b 55-00 0.0 

51.00 0.0 
12.00 0.0 

345.00 21.2 40.00 0.0 
371.00 91.9 40.00 0.0 

' 3350.00 353.6 40.00 0.0 
2350.00 70.7 40.00 0.0 

12500.00 707.1 40.00 0.0 
1CSQ0.00~ 707. t 60.00 0.0 
23500.00 2121.3 40.00 0.0 
0050.00 4V1.0 40.00 0.0 
1900.00 1036.1 10.00 0.0 
190.00 0.0 40.00 0.0 

11500.00 707.1 40.00 0.0 
700.00 260.7 40.00 0.0 

2700.00 141.4 40.00 0.0 
261 .00 49.5 40.00 0.0 

1X00.00 107.1 40.00 0.0 
415 A 0  63.4 40.00 0.0 

97S0.00 353.6 40.00 0.0 . 400.00 42.4 40.00 0.0 
4200.00 202.8 40.00 0.0 

16000.00 1414.2 40.00 0.0 
711 .OO 4v.5 0.25 0.0 
791.00 7.1 0.25 0.0 
16.50 0.7 0.25 0.0 
33.00 . 1.7 0.21 0.0 
72 .OD 2.0 0.21 0.0 
23 .OO 1.4 0.25 0.0 

Unltr of Hersure HSL ICLP 

ug/L 
Radlologlcrl, r c t l v l t y  
Urrnlm, lo t r l ;  lhorlm,rotel mgikg 
Volrt 1 tea wikg ugiL 

Peotlclder wikg ugiL 
net r l r  ... mglke mglL 

pc(/L 

S ~ ~ - V O ~ ~ I W I  , W k g  ugiL 

-.. 

AS-? 
H2SQ4 UASHEO SOIL 

HSL ICLP 

AS-? 
CARBOWAIE.UASHE0 SOIL 

HSL TCLP 

AVO SIOEV AVG SIOEV AVG SIDEV AVO SIOEV 

Page: 2 Print Oate: 14'JUL-VS 

3400.00 0.0 260.00 0.0 
3100.00 0.0 260.00 0.0 
6900.00 0.0 260.00 0.0 

2100.00 0.0 260.00. . 0.0 

5500 .QQ 0.0 260.00 0.0 

2800.00 0.0 260.00 0.0 



Sol l f 
Supla Polnt 

AMtytrr 

Led-210 
P I  utonl u- 238 
PlutonIu-239/240 
R e d l  UB- 226 
Rsdirra-228 
IeChMt lt#M9 
lhorlra-228 
Ihorlunn-230 
Ihorlra-232 
Urmlm,  l o t r l  
Uranlra-234 
Urrnlun-235/236 
Urmlua-238 
A l u n l n r  
Arrmlc 
Berlur 
C r l c l u  
Chromlua 
Cobol t 
Copprr 

' lron 
Lord 
nroM0 lU 
n @ g l f W B O  

. Mercury 
Wlckol 
Pot bra lun 
V r M d I u a  
Z lnc  
l r  lchlorof luoroawthme 
2-Nltrophrnol 
Acrnephthyt ana 
Anthr rcw 
Bmxo(a)enthrwrr# 
Bmro(o)pyrrno 

~ ~ ~- 

AS-8 
IWlllAL CHARACIERIZAIIOW 

HSL * ICLP 

AVG SIDEV AVO SlDEV 

2.40 1 .o 
0.01 
0.02 
1.50 
0.90 
2.93 
0.50 
1.28 
0.49 

15.45 
0.74 

17.60 
13100.00 

9.00 
88.70 

60550.00 
37.85 
12.20 

672.50 
27600.00 

'72.30 
14700.00 

84b.50 
0.21 

39.00 
1475.00 

27.00 
103.50 

17.50 
6.00 
6.00 

* 25.00 
25.50 

0.0 
0.0 
0.6 
0.1 
3.6 
0.1 
0.5 
0.1 

, o s  
0.1 
1.4 
0.0 
0.0 
0.6 

3040.6 
25.5 

' 0.7 
802.6 
424.3 
44.8 

141.4 
29.0 
0.0 
9.2 

35.4 
0.4 

20.5 

2.1 
2.8 
4.2 

11.3 
12.0 

0.02 
0.61 

612.00 
0.01 
0.00 
0.01 

0.04 
10.80 
0.38 
0.00 
0.01 
2.90 
0.04 
0.17 

40.00 
40.00 
40.00 
40.00 
40.00 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
O.Q 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

A S - 8  D I D  r A C l L l l r  (NE OI PROCESS AREA) 
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AS-8 OLO F A C l L l l Y  (WE OF PROCESS AREA) 

801 I : AS-8  
8 u p l e  Polnt IWlllAL CHARACIERIZAIIW 

HSL lCLP 

ANlyter  AVO SIDEV AVO SIDEV 

Bento(b)f l u o r m t h m  60.00 21.2 40.00 0.0 
Bmto(g,h, I ) p r y l e e  
BenroC k)f I wrrnthme 
Seniolc pcld 
Chryrono 
01-n-butyl phthalate 
01-n-octyl phthalate , 

Indsno( 1,2,1-cd)pyrm 
Waphthrlmt 
P h m t h r r n a  
Phenol 
Pyrme 
Araclor-1254 ' 
Aroclor-1260 
Oleldrln 
Endrln 
gnau-Chlordmr ' 

F l u o r m t h m  

37.00 
21.50 
62.00 
47.50 
48.00 

740:OO 
49.50 
27.50 
11.00 
26.50 
55.00 
49.50 

1700.00 
1000.00 

26.00 
120.00 

7.90 

18.b 
9.2 
0.0 

24.7 
2.8 

42.4 
21.9 
9.2 
0.0 

12.0 
0.0 

21.9 
0.0 
0.0 
0.0 
0.0 
0.0 

40.00 
40.00 

40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
0.25 
0.25 
0.25 
0.25 
0.29 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 . 
0.0 
0.0 
0.0 
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AS-9 EASI OF BUlLOlWG 77/79 

4 s011r 
8 q l e  Polnt 

1 .  

. AMlyteI 

Led-210 
P I  utonl u- 238 
Plutmlu-239 
Plutonlrra-2S9/240 
Rdlm-226 
Udd(rrP.ZZ8 
I e c h ~ t I ~ - W  
Ihor lm-228 
Ihor iur-230 
Ihor Im-212 
Urmlm, Total 
Uranl un- 2% 
Uranlm-235 
Uranlm-235/236 
urrnfm-~sa  
Almlnr 
Ant Irony 
ArIedC 
BIrlW 
Beryl I lu 
C.lClum 
Chroal w 
Cobalt 
copp.r 
Iron 
L e d  
naOMI lU 
~ O n Q l M r O  
Nlckel 
P o t r r r l u  
S O d l U  
Vuudlm 
2 Inc 
Bm2ota)mthracona 
BonzoWpyrena 

AS-9 
I N I I I A L  CHARACTERIZAIIW 

HSL ICLP 

AVO SIOEV AVO SIOEV 

55.60 75.5 
0.05 

0.03 
5.25 
0.94 
3.45 
0.28 
0.43 
0.28 

17.50 

0.96 
18.10 

12850.00 

7.10 
81.65 

- 31900.00 
16.05 

16.25 
22100.00 

2s.60 
10425.00 

532.50 
17.25 

1215.00 

26.25 
59.70 
22.00 
17.00 

0.0 

0.0 
s.0 
0.0 
3.9 
0.1 
0.1 
0.0 

0.0 

0.0 
0.0 

636.6 

0.1 
1 .8 

424. S 
0.6 

1.1 
141.4 

1 .3 
671 .8 

54.4 
0.9 

162.6 

0.9 
0.0 
0.0 
0.0 

Mltr of Hearure HSL ICLP 

nadlologfcal, actlvlty me m1 
Uranlm, 1ot.l; Ihorlm,Iotal mg/kp W L  
Vol I t I le. W k o  ug/L 
Semi -vo\ a t  I lea wlke W L  
Pertrclder W k o  ug/L 
Hetrlr w/k0 mg/L 

0.02 0.0 

0.01 0.0 
2.50 0.0 

3.90 0.0 
0.05 0.0 
0.00 0.0 
0.0s 0.0. 

&.cia 0.0 

71.00 0.0 
0.0s 0.0 

0.00 0.0 
1.10 0.0 

651.00 0.0 
0.01 0.0 

0.01 0.0 
0.04 0.0 
0.01 0.0 

44.60 0.0 
1.40 0.0 
0.01 0.0 
3.00 0.0 

0.04 0.0 
0.19 0.0 

At-9 ' 

H Z S a  UASHEO SOIL 
HSL I C L P  

AVG SIOEV AVG SlOEV 

0.06 
0.0s 

0.64 
0.80 
1 .50 
0.46 
0.49 
0.34 

2.40 
0.16 

2.50 
10900.00 

0.so 
6.00 

82.30 
0.78 

s2000.00 
13.10 
4.00 

13.80 
18200.00 

12.60 
3760.00 

157.00 
11.50 

1600.00 
99.60 
21.90 
44.40 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 . 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.01 0.0 

2.90 0.0 

2.10 0.0 
0.04 0.0 
0.12 0.0 
0.04 0.0 

4.20 0.0 
0.24 0.0 

4.40 0.0 
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AS-9  EASI  OF BUILOINO 77/79 

Soll: ' 

lnplr Polnt 

A M  1 y t O r  

Bonzo(b)f luorrntheno 
Benzo(g,h, I )porylenr 
Benxo(k)fluoranthene 
Bsnzolc rcld 
Chryreno 
01 -n-butyl phthrlrte 

Indono( l12,3-cd)pyrene 
P h m n t h r m  
Phenol 
P y r m  
Aldrln 
Aroclor- 1254 
Endrln 
Endrln rldehydo 
Mothorychlor 

f I Wr#lt hOM 

A S - 9  
IYIIIAL CHARACIERIZAIIW 

HSL ICLP 

AVO SIOEV AVO SlDEV 

41.00 0.0 
18.00 0.0 
15.00 0.0 
23.00 0.0 
32.00 0.0 
42.00 0.0 
56.00 0.0 
18.00 0.0' 
28.00 0.0 
14.00 0.0 
50.00 0.0 
0.50 0.0 

24.50 3.5 
2.65 0.1 
0.66 0.0 
6 .SO 4.9 

A S - 9  
HZS04 UASHEO SOIL 

HSL ICLP 

AVG SIDEV AVG SlDEV 

. .  
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I OA 
I Y l I l A L  CHARACIERIZAIION 

HSL IClP 

Analytrr AVG SIOEV AVO SIOEV 

Groor Alpha 
Gross eat@ 
Yeptmiur-237 
Plutonlra-238 
PI u ton1 UI- 239 
P I  utonlra-239/240 
R d h - 2 2 6  
R s d i u -  228 
10ch110tlun-99 
Ihorlm-228 
Ihorlu-230 
Ihorlun-232 
Urmlun, I o t r l  
uranlm-234 
Uranl un- 235 
uranlur-235/2Jb 
Uranlr~-238 
A l u l l l U  
Arrmlc 
emrim 

Chromlun 
Cobalt 
C w r  
Cyanlde 
Iron 
L e d  
nrgwrlu 
Wangowro 
Morcury 
Ylckrl 
Potaralu 
Srlmlun 
91 I Icon 

c8lCfm 

b 

685.00 
262.50 

1.98 
0.43 

0.09 

8.10 
2.25 

40.50 
2.20 

350.00 
. 157.50 

6.65 
167.50 

9392.50 
9.43 

90.65 
6660.00 

15.13 
8.83 

16.20 
0.24 

17075.00 
47.00 

3t47.50 
609.00 

17.20 
694.75 

781.00 

210.5 
26.3 
0.6 
0.2 

0.0 

1.3 
0.1 
3.9 
0.1 

14.1 
22.2 

0.6 
22.2 

1021.4 
1.3 
3.1 

1598.6 
0.8 
1 .I  
3.9 
0.1 

899.5 
8.9 

817.5 
102.4 

2.1 
75.6 

278.2 

C e r h - 1 3 1  0.20 0.0 20.00 0.0 
229.00 127.5 
100.00 53.5 

1.48 0.6 
1.00 0.0 

1.00 0.0 

30.00 0.0 
0.88 0.3 
1.00. 0.0 
1.00 0.0 

937.50 276.7 
378.75 141.A 

9.38 4.3 
405.00 155.0 

1.47 0.9 
0.01 0.0 
1.07 1.8 

292.00 53.6 
0.01 0.0 
0.00 0.0 
0.00 0.0 
0.01 0.0 
0.11 0.1 
0.02 0.0 

38.80 4.3 
0.55 0.0 

0.02 0.0 
3.24 1.6 

3.13 0.4 

Wt r  of Hersure HSL ’ TCLP 

IDA Inclnerrtor 

I OA IDA 
HZSOC UASHED SOIL C A R W A I E  UASHEO SOIL 

HSL TCLP HSL ICLP 

AVG SIOEV AVO SIOEV AVG SIOEV . AVG SIOEV 
, 

0.05 
0.03 

0.51 
1.10 
0.77 
0.52 

19.00 
0.57 

34.00 
1.90 

38.00 
5650.00 

7.00 
96.90 

9480.00 
11.00 
14.70 

22500.00 
46.00 

1930.00 
1120.00 

0.09 
19.40 

0.34 . . 

Page: 1 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.01 
0.00 

2.50 
24 .00 
58.00 
0.28 
3.70 
0.02 

470.00 
25.00 

540.00 
0.97 
0.00 
0.28 

122.00 
0.00 
0.07 

1.90 
0.03 

10.70 
8.30 
0.00 
0.07 

0.00 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.04 

0.02 
1 .30 
1.60 
3.20 
0.66 

16.00 
0.71 

27.00 
1.30 

29.00 
5000.00 

6.10 
71.20 

10300.00 
11.00 
10.00 

171 00.00 
30.90 

2660.00 
821 .OO 

0.07 
22.70 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.01 0.0 

0.73 0.0 
1.10 0.0 

130.00 0.0 
0.08 0.0 
2.70 0.0 
0.04 0.0 

120.00 0.0 
7.10 0.0 

130.00 0.0 
1.60 0.0 
0.00 0.0 
1.20 0.0 

355.00 0.0 
0.01 0.0 
0.03 0.0 

0.66 0.0 
0.01 0.0 

55.10 0.0 
7.60 0.0 
0.00 0.0 
o.oa 0.0 



IOA lnclnerrtor 

so111 IDA 
Srrplr Polnt IYIIIAL CHAAAC1EI12AlIW 

HSL ICLP 

AMlytOr AVO SlDEV AVO SlOEV 

’ Sllvrr  * o . n  0.0 0.00 0.0 

V d l U  21.23 2.0 0.00 0.0 

f l u o r m t h m  61.00 0.0 9.00 0.0 

Sodlrn 

2 Inc 

Aroclor- 1254 42.21 1b.4 1.05 0.1 

Unl tr. of Mrrruro 

Aodlologlcrl, r c t l v l t y  
Ururlu,  l o t r l ;  lhor lun, lot r l  
V0l.t I lrr 
S a l  - v o l r t  I Irr 
Pert lc lder  ~ 

n e t r l r  
. .  r 
- I  

I .$ ’. r. .f 

HSL 

IDA 
HZS04 .WASHE0 SOIL 

H S l  ICLP 

AVO EIOEV AVG SlOEV 

I OA 
CARBWAIE UASHEO SOIL 

HSL ICLP 

AVO SIOEV AVO SlOEV 

27.50 0.0 0.00 0.0 
42.50 0.0 0.41 0.0 

Pege: 2 Pr int  Dele: IC-JUL-94 

1690.00 0.0 186.00 0.0 
23.80 . 0.0 0.05 0.0 
61 .a0 0.0 0.41 0.0 



IOB PLAN1 1 PAD 

Sol t : 1DB 
Suplo Polnt INITIAL CHARACTERIZATION 

HSL TCLP 

A n a l  ytrs AVO SlOEV AVO STOEV 

Cross Alpha 62.00 1.0 5275.00 350.0 
Gross Beto 49.00 
I 8 p t d ~ k - 2 3 7  
PI Ut on1 u- 238 
Plutonim-239 
Plutonlu-239/240 ' 1. 

R d l u - 2 2 6  
R d l  u-228 
S t m t l u - 0 0  
Technottun-99 
Thor lm- 228 
Thor lm-230 
1 hor I--232 

Urenltm-23b 

Ur@nlu-2b/236 
Urnlu-238 
A l u r l n r  
Arsenlc 
Barira 
Boryl I lu I 
Cr&Ira 
Calclm 
Chromlu 
Cobe l t  
coFpIr 
Iron 
1.4 
Hrgnoslu 
nrngllnrso 
Hrrcur y 
Wlckrl 
Potasslu 
Sllvrr 

urannlm, Total 

urMiu.2fS 

1.70 

2 .SO 
3.60 
6.00 

15.50 
1.35 
2.20 
1 .os 

361.50 
162.50 

7.68 
1eQ.00 

1617S.00 

111.00 
0.93 

54825.00 
19.98 
10.60 
30.10 

23650.00 

16300.00 
511.71 

0.03 
22.55 

2255.00 

2.0 
0.2 

0.2 
0.0 
0.0 
3.0 
0.1 
0.0 
0.1 
5.0 
5.0 

0.1 
0.0 

33% .0 

10.0 
0.1 

3237.7 
3.2 
0.9 
2.3 

1982.4 

469.0 
38.2 
0.0 
1.1 

863.4 

3000.00 200.0 
32.50 1.0 

1.00 0.0 
4.00 0.6 
5.00 0.0 

32.75 .5.5 
1.00 0.0 
1.00 0.0 
1.00 0.0 

9525.00 10.0 
3b25.00 250.0 

211.50 75.0 
3825.00 250.0 

0.47 0.1 

1.68 0.3 
0.00 0.0 

586.71 bb.2 
0.00 0.0 
0.00 0.0 
0.00 0.0 
0.05 0.0 

18.18 0.5 
1.05 0.1 
0.00 0.0 
0.01 0.0 
3.78 0.3 

Units of Measure HSL TCLP 

IO6 
H2SOG UASHEO SOIL 

HSL ICLP 

AVO SIOEV AVO STOEV' 

0.02 
0.04 

0.10 
0.61 

1.50 
0.30 
0.51 
0.21 

9.20 
0.60 

10.00 
8490.00 

5.70 
84.60 

81400. 00 
12.50 ' 

18100 .00 
14.80 

10400.00 
345.00 

14.90 
1250.00 .. 

Page: 1 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.01 0.0 

1.20 0.0 
3.20 0.0 

06.00 0.0 
0.04 0.0 
0.12 0.0 
0.02 0.0 

160.00 0.0 
7.60 0.0 

170.00 0.0 
0.03 0.0 
0.00 0.0 
0.25 0.0 

1320.00 0.0 
0.04 0.0 

0.02 0.0 
0.01 0.0 

53.80 0.0 
2.40 0.0 

0.02 0.0 
5.50 0.0 

IDB 
CARBONAIE UASHCO SOIL 

HSL ICLP 

AVG SIOEV AVO SIOEV 

0.01 

0 .M 
2.30 
0.53 

3.30 
0.57 
0.82 
0.63 

14.00 
0.81 

15.00 
10100.00 

4.m 
118.00 

4.90 
61900.00 

15.30 
12.90 
30.80 

21 200 .OO 
11.50 

171000 .OO 
759 .00 

25 .90 
1270.00 

0.62 

0.0 

0.0 
0.0 
0.0 , 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 ~ 

0.0 
0.0 

0.01 0.0 

. 0.01 0.0 
1.70 0.0 
3.10 0.0 

16.00 0.0 
0.26 0.0 
0.15 0.0 
0.02 0.0 

720.00 0.0 
34.00 0.0 

n O . O O  0.0 
0.05 0.0 
0.00 0.0 
0.92 0.0 

0.00 0.0 * 

1290.00 0.0 
0.04 0.0 
0.00 0.0 
0.00 0.0 
0.02 0.0 
0.01 0.0 

26.70 0.0 
1.10 0.0 

0.02 0.0 
1.80 0.0 
0.03 0.0 



Sol I I 108 
Sulplo Polnt 111 T IAL CHARACIERI 241 IN 

HSL fCLP 

AMlytW AVO SIOEV AVQ SIOEV 

SOdlUE 160.25 18.0 
V d l u  30.38 
Z l n c  74.35 
1 ,2 ,4 -1r~ch lo r~zane 3100.00 
1,2-0 I chl orobenzene 180.00 
1,3-0lchloroknzrno 380.00 
1 , 4 - 0 l c h l o r ~ ~ ~  3100.00 
2,4,5-TrlcRlorophenol ,, 1800,OO 
2,4,6-Trlchlorophenol 380.00 
2,4 -0 ichl  orophrnol 380.00 
2,4 -0Im thy l phenol 380.00 
2.4-0lnl trophenol 1800.00 
2,S-Oini t rot  01 wno 2800.00 
2,b-DInl trotoluono 380.00 
2-Chloronrphthrlona - 380.00 
2- Chl orophrnal 6200.00 
2 -fir t h y h p h  t hr l w 360.00 
P-llrthylph&l 380.00 
2-Nl t r o M l  e h  1800.00 
2- N I t rop)lmol 380.00 
3,3~-Olchloroknzldlno 750.00 
3-N I t rornl I Ino 1800.00 
4,6-Olnltro-2-mthylph 1800.00 
4-Brornophonyl phenyl 0 380.00 
4-Ch loro-S-mthy lph~ 7600.00 
4 -Chlorophenylphanyl 0 380.00 
4-Mrthylphanol 380.00 
4-Nl t r o n l  I Ino 1800.00 
4 -N I trophrnal 6000.00 
AceMphthrnr 3300.00 
AceMphthylm 380.00 
Anthr rcm 580.00 
B m z o ( r ) ~ t h r r c m  380.00 
Benzo(r)pyrrrw 380.00 
Benro(b)tluornthom 380.00 

~.~ 

6.5 
6.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
olo 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.00 0.0 
1.00 0.3 

91.00 0.0 
12.00 0.0 
12.00 0.0 
94.00 0.0 
58.00 0.0 
12.00 0.0 
12.00 0.0 
12.00 0.0 
58.00 0.0 
93.00 0.0 
12.0 0.0 
12.00 0.0 

170.00 0.0 
12.00 .o.o 
12.00 0.0 
58.00 0.0 
19.00 0.0 
24.00 0.0 
58.00 0.0 
58.00 0.0 
12.00 0.0 

150.00 0.0 
12.00 0.0 
12.00 0.0 
58.00 0.0 
79.00 0.0 

110.00 0.0 
12.00 0.0 
12.00 0.0 
12.00 0.0 
12.00 0.0 
12.00 0.0 

IOB PLANT 1 PAD 

IOB 
HZS04 UASHEO SOIL 

nsi ICLP 

AVO STOEV AVG SIOEV 

24.50 0.0 0.15 0.0 
42.10 0.0 0.18 0.0 

Page: 2 Prlnt Date: 14-JUL-94 

IOB 
CARBONATE UASHEO SOIL 

H S l  ICLP 

AVG SIOEV AVG SIOEV 

. 3750.00 0.0 141.00 0.0 

68.40 0.0 0.03 0.0 
* 28.50 0.0 0.10 0.0 



4 ' 8011: 
i. j Swplr Point 

AM 1 y t 08 

llenntolc u l d  
Oonryl alcahol 
Outyl benzyl phthalate 
Carbaxolr 
Chryarne 
oi-n-twtyt phthalate' 
01-n-octyl p)rthalate 
01benxo(a,h)mthracene 
D I benxof wan ' 

Diethyl phthalrtr 
Dimthy1 phthalate 
f luoranthono 
f luorrne 
Henachlorobenmne 
Herachlorobutadlene 
He~~achlorocyclopentadl 
Henach I or01 t hom 
Indono( 1,2 ,S-cd)pyrone 
I rophorono 
Y-Nl  troao-dl-ncpropylr 
Y-H I t rorodl phrny 1 ralnr 
Yrphthalmr 
H I trobenxm 
Pentachlorophenol 
Phenonthrrno . 
Phenol 
Pyrone 
blr(2.Chloroethony)nt 
blr(2-Chloroethyl )ethe 
b l  r(2-Chlorolropropy1) 
blr(2-l thylhrnyl lphtha 
p-Chloroonl I Ino 
4,4*-0OD 

I-- PCANI 1 PA0 

ID8 
I N I  I I AL CHARACIER I Z A I  I ON 

H S l  ICLP 

108 
HZS04 UASHED SOIL 

H S l  ICLP 

I 08 
CAABONAIE UASHED SOIL 

HSL ICLP 

AVO SIDEV AVO S I D E V  AVO S IOEV AVO SIOEV AVG S IOEV AVG SIOEV 

380.00 0.0 12.00 0.0 
380.00 

1800.00 
u10.00 
580.00 
380.00 
180.00 
109.00 
380.00 
380.00 
380;00 
260.00, 
3go.00 
380.00 
380.00 
380.00 
380.00 
380.00 
380.00 
380.00 
380.00 

3700.00 
380.00 
380.00 
380.00 

6000.00 
380.00 

6000.00 
3200.00 
380.00 
380.00 
380.00 
209.00 
300.00 
18.00 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

76.9 
0.0 
0.0 
0.0 

169.7 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

241.0 
0.0 
0.0 

Unltr of Woaaure n u  TCLP 

12.00 OlO 
58.00 
12.00 
12.00 
12.00 
12.00 
10.33 
12.00 
12.00 
12.00 
10.50 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 

110.00 
12.00 
12.00 
12.00 

110.00 
12.00 
91 .OO 
96.00 
12.00 
t2.00 
12.00 
10.50 
12.00 
0.12 

0.0 
0.0 
0.0 
0.0 
0.0 
1 .I 
0.0 
0.0 
0.0 
2.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.1 
0.0 
0.0 

Pege: 3 P r i n t  Oete:.14-JUL-94 



IDB'PLANI 1 PAD 

$011: ion 
Sraplr Polnt lNIIlA1 CHARACIERIZAIIW 

HSL . ICLP 

108 
HZSOG WASYED SOIL 

HSL ICLP 

IDB 
CARBOWAIE WASHED SOIL 

HSL ICLP 

AVO SlDEV AVO SlDEV AVG SlDEV A M l y t O O  AVO SIDEV AVO SIDEV AVG SIDEV 

4 , b'-DDE 18.00 0.0 0.12 0.0 
4*4'-oOT 
Aldrin 
Aroclor- 1016 
Aroclor-1221 
Aroclor-1232 . 
Aroclor-1242 
Aroclor-1248 1 ,  

Aroclor - 1294 
ArocIor-l2&0 - 
Olrldrln 
Endoiu\fon 11 
EndordfM B U l f r t O  
EndolUlfM-1 
Endr In 
Endrln r ldahyk  
Lndrln krtono 
Heptachlor 
Heptachlor rponlda 
He t hon ych I or 
Iorrphrno 
rlpha-BHc 
alpha-Chtordrno 
bdtr-BHC 
cktta-BHC 
gsru-BHC ( L I n d r W  
gaanr-Chlorduw 
lo to t  Orornic Carbon 

70.00 
34.00 
91 .OO 
91 .OO 
91 .OO 
91 .00 
91 .OO 

180.00 
180.00 
57.00 
18.00 
18.00 
9.10 

110.00 
18.00 
18.00 
21 -00 
9.10 

91 .OO 
180.00 

9.10 
91 .OO 
9.10 
9.10 

20.00 
91 .OO 

9195.00 

0.0 0.64 
0.0 0.50 
0.0 OS9 
0.0 0.59 
0.0 0.59 
0.0 0.59 
0.0 0.59 
0.0 1.20 
0.0 1.20 
0.0 0.53 
0.0 0.12 
0.0 0.12 
0.0 0.06 
0.0 0.80 
0.0 0.12 
0.0 0.12 
0.0 0.23 
0.0 0.06 
0.0 0.59 
0.0 1.20 
0.0 0.06 
0.0 0.59 
0.0 0.06 
0.0 0.06 
0.0 0.20 
0.0 0.59 

1107.4 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

'0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Page: 4 P r i n t  Date:  IC-JUL-94 
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OU5-A 

Sol I : 
Svplr Polnt 

A n a l  ytrr 

Cerlm-157 
Grorr Aloha 
Grorr Br\r 
Plutonlur-238 
P lutonlum- 239/240 
Radiun-226 
Rdlm-228 
lechmtlup-99 
Ihorlm. lotal 
1 hor lm-228 
lhor Im-230 
lhor tup-232 
Uranlm, lot01 
Uranlup-234 
Urmlun-235 
Urmlm-235/256 
Urml m- 238 
A l r n l n a  
Arrrnlc 
Errlm 
Boryl I lu 
C&lm 
Calcllm 
Chromlu 
Cobalt 
Copprr 
Cyrnlde 
Iron 
l e d  
M.gIWlra, 
Mmganora 
Mercury 
Mlckel 
Potrrr lm 
S I  I Icon 

71 .SO 

1.15 
1.33 
1 .ob 

10.28 
1.88 
4.52 
1.14 

184.87 
65.86 

2.92' 
66.44 

$376.20 
11.58 

140.38 
11.10 
8.90 

106876.60 
32.82 
25.26 
37.14 
1.15 

lW94.80 
156.20 

26546.20 
497.00 

0.23 
46.22 

792.00 
553.40 

12.1 

0.1 
0.5 
0.2 
2.0 
0.5 
0.6 
0.2 

56.3 
6.2 

0.5 
5.1 

990.1 
4.5 

110.8 
0.0 
0.0 

7562.2 
17.3 
40.0 
22.2 
2.3 

1185.0 
18.6 

4200.4 
120.5 

0.0 
41.2 

173.0 
238.9 

a - A  
111 1 I A l  CHAAACIER I Z A I  ION 

HSL ICLP 

AVG SIDEV AVO SIDEV 

0.58 0.1 20.00 0.0 
125.27 23.4 1082.25 315.4 

326.75 62.4 

282.33 54.7 

30.00 0.0 
2.33 1.3 
1.00 0.0 
1.00 0.0 
1.00 .0.0 

1722.50 92.9 
648.75 96.1 

36.S0 3.7 

1.34 1.1 
' 0.01 0.0 

1.21 0.9 
0.05 0.0 
0.05 0.0 
0.02 0.0 
0.04 0.1 
0.14 0.2 
0.06 0.1 

1.04 0.0 
0.07 0.0 

33.56 2.4 
6.62 0.4 
0.00 0.0 
0.15 0.2 
1.70 0.2 
4.38 1.1 

721.25 8 2 s  

Unltr of Measure HSL I C L P  

AVG SIOEV AVG SIOEV 

. 0 . t t  
0.17 
0.60 
0.98 
6.00 

0.78 
3.60 
0.82 

40.00 
4.40 

38.00 
5800.00 

10.80 
69.10 
0.64 

106000.00 
34.30 
5.80 

36.00 

20900.00 
170.00 

6130.00 
170.00 

0.29 
23.00 

1020.00 

Page: 1 

0.0 
0.0 
0.0 
.0.0 
0.0 

0.1 
0.8 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

.o,o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.06 0.0 

2.40 0.0 
8.40 0.0 

640.00 0.0 

0.51 0.0 
0.35 0.0 
0.29 0.0 

2300.00 0.0 
160.00 0.0 

1900.00 0.0 
0.49 0.0 
0.00 0.0 
0.28 0.0 
0.00 0.0 

12c0.00 0.0 
0.04 0.0 
0.01 0.0 
0.02 0.0 

0.76 0.0 
0.09 0.0 

51.20 0.0 
2.20 0.0 
0.00 0.0 
0.03 0.0 
1.90 0.0 

Print Date: 12-JUL-94 

O M - A  
CAAEOYAIE UASHED Sot1 

HSL TCLP 

AVG SlDEV AVO SIOEV 

0.14 
0.12 
1.60 
0.69 
1.70 

0.93 
3.65 
0.95 

38.00 
'2.20 

38.00 
3520.00 

7.40 
46.70 

0.35 
I7tOOO. 00 

31.80 

24 A0 

10500 .OO 
197.00 

25300.00 
606.00 

0.10 
25.20 

0.0 
0.0 
0.0 
0.0 
0.0 

0.1 
1.3 
0.2 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.00 

1.30 
0.88 

33.00 

0.4t 
0.54 
0.36 

210.00 
13.00 

230.00 
0.82 
0.00 
1.10 

0.01 
1640.00 

0.04 

0.03 

1 .50 
0.03 

27.00 
6.50 
0.00 
0.04 

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 a 

0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

c.. 



. 
cd 
c13 
00 

Sol I t W 5 - A  
' 8 v p l o  Polnt INIIIAL CHARAC1EIIZAIIO)( 

HSL ICLP 

AMlytOB AVO . Sl0EV AVG S10W 

Car I U- 137 0.39 0.0 20.00 0.0 
Oroar Alpha 
G r O W  OOta 
Plutonlun-238 
P I  ut on1 u'239/240 
Aadiu-226 
A d  u- 228 
lachmt 1-49 
Ihorlun, Iota1 
Ihorlrr~-228 
fhorira-230 
Ihor lu-232 
Urmlm, Iota1 
Uru\lm-234 
urrnru-235 
Urrn I u- 235/216 
Urmlra- 238 
A l u l n m  

Bar 1- 
C I C c l r a  
Ca lc lm 
Chronlu 
C p b l t  
copC#r 
cyurlds 
Iron 
L a d  

A r D d C  

MapnODlu 
nrnOltWB0 
Hrrcury 
Nlckal 

SIlIcon 
s o d i u  

POtaBBlu 

127.68 
71.23 

. 1.15 
1.25 
1 .or 

10.48 
1.80 
4.60 
1.16 

170.30 
62.30 

2.90 
65.20 

5507.75 
11.63 

160.38 
8.90 

109320.n 
53.85 
29.78 
39.18 

1 A1 
18318.50 

159.00 
27182.75 

520.50 
0.23 

50.89 
826.50 
562.25 
228.50 

22.8 
12.9 

0.1 
0.6 
0.2 
2.3 
0.3 
0.6 
0.2 

62.5 
5.9 

0.6 
5 .0 

1091.7 
5.2 

190.4 
0.0 

6035. 2 
19.8 
44.8 
25.1 
2.5 

1290.4 
20.2 

4574.3 
125.2 

0.0 
46. I 

178.8 
274.9 

7.0 

1340.00 56.6 
343.00 100.4 

334.00 0.0 

30.00 0.0 
2.63 1.4 
1.00 0.0 
1.00 0.0 
1.00 0.0 

1785.00 21.2 
66b.00 109.8 

35.50 3 .9 .  
120.00 101.0 

1.40 1.3 
0.01 0.0 
1.31 1.0 
0.05 0.0 
0.02 0.0 
0.05 0.1 
0.16 0.2 
0.07 0.1 

0.95 1.0 
0.07 0.0 ' 

34.35 1.9 
6.80 0.2 
0.00 0.0 
0.17 0.2 
1.65 0.2 
4.48 1.3 
5.30 0.0 

O M - A  MAINTENANCE BUILDING 

CU5-A 
H2SOC UASHEO SOIL 

HSL ICLP 

AVO SlOEV AVG STOEV 

0.17 
0.17 
0.60 
0.98 
6.00 

0.72 
3.00 
0.83 

40.00 
4.40 

38.00 
5800.00 

10.80 
69.10 

106000.00 
34.30 

36.00 ' 

20900.00 
170.00 

61 30.00 
170.00 

0.29 
23.00 

1020.00 

0.0 
0:o 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.06 0.0 

2.40 0.0 
8.40 0.0 

640.00 0.0 

0.51 0.0 
0.35 0.0 
0.29 0.0 

2300.00 0.0 
160.00 0.0 

1900.00 0.0 
0.49 0.0 
0.00 0.0 
0.20 0.0 

1240.00 0.0 
0.04 0.0 

0.02 0.0 

.0.76 0.0 
0.09 0.0 

51.20 0.0 
2.20 0.0 
0.00 0.0 
0.03 0.0 
1.90 0.0 

Psge: 1 te: 14-JUL-94 

O W - A  
CARBONATE UASHEO SOIL 

HSL ICLP 

AVG SIOEV AVG SIDEV 
i(.. 

0.14 
0.12 
1.60 
0.69 
1.70 

0.85 
2.70 
0.80 

38.00 
2.20 

38.00 
3520.00 

7.40 
46.70 
0.35 

171000.00 
31.80 

24.60 

18100.00 
197.00 

'25300.00 
604 .OO 

0.10 
25.20 

1060.00 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.00 0.0 

1.30 0.0 
0.08 0.0 

33.00 0.0 

0.41 0.0 
0.54 0.0 
0.36 0.0 

210.00 0.0 
13.00 0.0 

230.00 0.0 
0.82 0.0 
0.00 0.0 
1.10 0.0 
0.01 0.0 - 

1640.00 0.0 
0.04 0.0 

0.03 0.0 

1.50 0.0 
0.03 0.0 

27.00 0.0 

0.00 0.0 
0.04 0.0 

6.50 0.0 

114.00 0.0 



Sol 1 I OUS-A 
Swrplr Polnt 111 1 I AL CHARACIERIZAI IOW 

H I 1  ICLP 

Anrlytrr AVG SIOEV AVO SlOEV 

l h i l l  lu 10.80 0.0 0.05 0.0 
V d l u  33.30 
Zinc 416.50 
l,l, 1 -1rlchloroothum 5 S0 
1,l-Dlchloroethuw 1.25 
1,2-DIchloroothena (lo 13.00 
Crrbon dlrulf Ido 
lrtrrchloroothrnr 
l o l r v n  
I r l ch lo roo thm 
2-Hr thylnrph t ha 1 OIY 
Acenaphthm 
Bonzo~r )~ thr rc rno  
0enzoCr)pyrm 
0enzoCb)f l ua r rn thm 
0mzoCk)f luorrnthrn 
Chryrom 
O l h r o f u r m  
f luornthrno 
Indmo~l,2,3-cd)pyrm 
Phennthrrno 
P y r m  
blr(2-Ethylhrayl )*tho 
Aroc lw- lb4  
Aroclor-1260 
l o t r l  Orgntc Crrbon 
x )(olatwr 
x Sollds 

25486.67 

119.25 
157.67 
547.50 
505.00 
1Q45.00 
240.00 
682.50 
140.00. 
1262.S0 

1195.00 
1165.00 
130.00 
6750.00 

28955.50 
8002.50 
89275.00 

49.1 
55.7 
1 .I 

' 0.5 
2.2 

44430.7 

25.3 
183.9 
503.9 
227.8 
523.5 

0.0 
283.6 
99.0 
695.0 

871 .4 
626.4 
119.7 
1212.4 

4073.9 
5349.1 
805.7 

0.16 0.2 
1.50 0.2 

20.00 0.0 
20.00 0.0 
20.00 0.0 
20.00 0.0 
20.00 0.0 
20.00 0.0 
20.00 0.0 
20.00 0.0 
20.00 0.0 

20.00 0.0 
20.00 0.0 
20.00 0.0 

OUS-A WINIENANCE BUILDING 

OUS-A 
HZSoC UASHEO SOIL 

HSL ICLP 

AVO SIOEV . AVG SIOEV 

21.30 
212.00 

27.00 
9.00 

130.00 

190.00 
100.00 
230.00 

200.00 

410.00 
51.00 
300.00 
290.00 

2200.00 
550.00 

0.0 
0.0 

0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.04 0.0 
0.43 0.0 

10.00 0.0 
10.00 0.0 
10.00 0.0 

10.00 0.0 

10.00 .0.0 
10.00 0.0 
10.00 0.0 
10.00 0.0 

1.00 0.0 
1.00 0.0 

Page: 2 Print Date: 14-JUL.94 

OUS-A 
CARBOWAIE UASHEO SOIL 

HSL ICLP 

I AVG SIOEV AVO SIOEV 

0.34 0.0 0.00 0.0 
18.60 0.0 0.18 0.0 
283.00 0.0 . 0.70 0.0 

2300.00 0.0 
640.00 0.0 

1.10 0.0 
1.10 0.0 
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A’ITACHMENT V 
GEOTECHNICAL CHARACTERIZATION AND PARTICLE SI28 ANALYSES 

FOR ID-A AND ID-B SOIIS 
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Cross Reference Index for Parride Size Analysg for the Two Sods Processed through th 
Soil Washtng Pilot Plant Showing Process Run and Centrifuge Cycle 

i: 

. .. 

E R A F S l \ V O L l 5 t S A A T A \  
ou--1 InTR-XNDM -1- P.r.No.: A 



Project Name: FERNALD OU5 

Project Number: 41 9 1 95 

PARnCLE SIZE ANAL YSIS 
ASTM D 422 

C 
0 

. A  
R 
S 
E 

Client No. 

flDCNo. 7204 

Moisture Content = NA 

SIEVE ANAL YSIS 7 
Sieve Diameter Percent 

mm Finer 

7204 

Diameter Percent 
mm Finer 

2 

x20 0.850 100.0% 
040 0.425 100.0% 

3' 75.000 100.0% 
1.5'. 37.500 100.0% 

I 0.75' I 19.000 I 100.0% I 
0.375' 9.500 A O . O %  

x4 4.750 I;( 00.0% 
L 

I #lo I 2.000 II 100.0% I 

HYDROMHER ANAL YSIS 

H 
Y 
D 
R 
0 
M 
E 
T 
E 
R 

080426 



Project Name: FERNAID OUS 

Project Number: 41 91 95 

PARnCLE S / Z  ANAL YSiS 
ASTM D 422 

C 
0 
A 
R 
s 
E 

Client No. 

€iDC No. 7217 

Moisnrre Comem - NA I 
SIEVE ANAL YS/S 7 

Sieve Diameter Percent I No. I mm I Finer 

I 

3' 1 75.000 I 100.0% I 
1.5' 1 37.500 I 100.0% 

0.75' 19.Ooo 100.0% 
0.375' 9.500 100.0% 

~ 1 1  #4 0.0% 

721 7 

F I 20  0.850 100.0% 
I #a 0.425 100.0% 
N .  #6o 0.250 100.0% 

0. i 49 100.0% i 

I #ZOO I 0.075 I 100.0% 11 

HYDROMEER ANAL YSiS P 

c 0 -  



I 

Project Name: FERNALO OU5 

PARnCLE SI' ANAL YSfS 
ASTM D 422 

Client No. 701 7 

Project Number: 41 91 95 m C N o .  7017 

Moisture Content = NA I 
/I SIEVE ANAL YSfS 

0.375' 9.500 S . O %  
t 4  4.750 u 00.0% 

I 110 I 2.000 II 100.0% 0 

ve Diameter Percent 
No. mm Finer I 9 

100.0% 
x20 I 0.850 I :  x40 I 0.425 

0 H Y D R O M E R  ANAL YSfS 

H 
Y 
O 
R 
0 
M 
E 
T 
E 
R 

R 

I Diameter Percetnt . I mm I finer 



PARnCLE SIZE ANAL YSIS 
ASTM D 422 

Project Name: FERNALD OU5 Client No. 751 1 

Project Number: 41 91 95 EiDC No. 751 1 

Specific GravitV 2.6500 MoisnueComent = NA 

SIEVE ANALYSIS -r 

P 
mm Fmer 

e 

HYDUOMETrR ANAL YSIS 

H 
Y 
0 
R 
0 
M 
E 
T 
E 

-- R 

Diameter PWCWK 

mm finer 
0.04807 102.7% 
0.03559 97.0% 
0.02661 88.5% 
0.01 821 74.2% 
0.01 126 59.9% 
0.00845 45.7% 
0.00613 40.0% 
0.00448 31.4% 
0.0031 6 25.7% 
0.001 37 14.3% 

h e 



Project N me: FERNALD OUS 

Project Number: 41 91 95 

PARnCLE SlZ ANALYSIS 
ASTiU D 422 

Client No. 7420 

FIDCNo. 7420 

SIEVE ANAL YSIS 7 
0 3' 75.000 100.0% 
A 1 .S' 37.500 100.0% 

V 

' I  MoistureContent - NA I 

P 
I -  

e Diameter Percent 
mm Finer , 

F ' r20 0.850 I 100.0% 
I #40 0.425 [ 100.0% 
N #60 0.250 100.0% 

0.149 100.0% E .  xioo 

HYDR0MEE.R ANALYSIS 

H 
Y 
O 
R 
0 
M 
E '  
T 
E 
p 

. .  

r. 
. .  

. .  ~. . ... .. . '.' 



PAR77CLE SIZE ANAL Ys/S 
ASTM D 422 

Project Name: FERNALD OU5 Client No. 7429 

Project Number: 41 91 95 ETDCNo. 7429 

I Moisture Contem - NA I Specific Gra- 2.6500 

' ANAL YSlS 7 
F 
I 

N 
E .  

0.850 100.0% 
0.425 100.0% 
0.250 100.0% 
6.149 100.0% 

I I 8200 I 0.075 

fiYDROMEE" ANALYSIS 

rnm finer 

0.04807 88.5% 
0.03399 88.5% 
0.02403 88.5% 

R 
0 
M 
E 
T 
E 

_ R  

I 0.01 769 I 68.9% n 
I 0.01 153 I 46.7% D 

~ 

I 0.06867 - -  I 34.4% I 
I 0.00652 1 ~ 197% 1 

II 
~- 

I 0.00470 I 14.8% 
I 0.00331 * 1 9.8% 

c: 
r: i 



836 

0.00885 
0.00652 
0.00470 
0.00331 
0.00140 

~~ 

31.2% 
20.8% 
15.6% 
10.4% 
5.2% 

PARnCLE SIZE ANAL YSIS 
ASTM 0 422 

Client No. 

ETDCNo. 7224 

7224 Project Name: FERNALD O U 5  

Project Number: 419195 

SIEVE ANALYSIS 7 

P 
Sieve Diameter Percent I No. I mm I finer 
3' 75.000 100.0% 

1.5' 37.500 100.0% 
0.75' 19.000 100.0% 

0.375' 9.500 100.0% 
#4 

F 
I 

N 
E.. 

V HYDROMElER ANAL YSIS 

Diameter PO= I mm I W U  
I 0.04807 I- ~~ 93.7% H 

Y 
D 
R 
0 
M 
E 
T 
E 
R 

. *  

I 0.03399 I 93.7% 
I 0.02461 I 91.1% 
I ~ o.otSS2 I 62.5% 
I 

~~~ ~~~~ 

0.01 169 1 46.9% 

00043,z 



Project Name: FERNALD OU5 

Projecr Number: 41 91 95 

Specific G r a W  2.6500 

PARnCLZ SI= ANALYSIS 
ASTM D 422 

aim No. 741 2 

ETDC No. 7412 

SIEVE ANAL YSIS I 

D 

.C 
0 
A 
R 
S 
E 

Sieve Diameter , Percent 
No. mm finer 

3' 75.000 1 100.0% 
1 .so 37.500 I 100.0% 

100.0% 
4.750 
2.000 

P 

HYDROMETER ANAL YSIS 

H 
Y 
0 
R 
0 
M 
E 
T 

. E  
-_ R 

a P 



8'3 6 
ITennaONMENTALTE~OLQGY 
DmPMENTCENTEEL 
0AKBIDGE.m 
(615) 482-6497 

PARnCLE SIZE ANAL YSJS 
ASTM D 422 

Project Name: FERNALD OUS 

Project Number: 4 1 9 1 95 

Client No. 7528 

ETOCNo. 7528 

Specific Grav* 2.6500 1 Moisture . Content = NA 1 .  
SIEVE ANAL YSIS I 

3' 75.000 100.0% 
1.5' . 37.500 100.0% 

D 

: P 

P 
F 
I 
N 
E 

' 120 0.850 100.0% 
140 0.425 100.0% 
060 0.250 100.0% 

11 00 0.149 100.0% 
1140 0.106 100.0% 
#200 0.075 100.0% 

HYDROMETER ANAL YSJS 

H 
Y 
0 
R 
0 
M 
E 
T 
E 
R 

Diameter I mm 
Percent 

Finer 

I 0.00320 -r- ~ 18.1% 
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Ms. Jenny Vance 
IT Corporation 
1550 Bear Creek Road 
O a k  Ridge, Tennessee 37830 

November 20, 1992 

ETDC Project Number: .483SOO.O48.01 P.O. Number: 

This is the Certificate of Analysis for the following samples: 

Client Project ID: Fernald OUS 
Date Received by Lab: September 11, 1992 
Number.of Samples: . Four (4) 
Sample Type:  Soil 

k September 11, 1992 I. Introduction/Case Narrative 

Four soil  samples were received by IT/ETDC 
for analysis of moisture content, particle size distribution, 
atterberg limits, specific gravity, ation exchange capacity, and 
total organic carbon content. 

Sample Number Cross Reference List; 
sults and the Analysis Dates; Appendix 

Please see Appendix A,  
Appendix B, the Analysi 

P 
C, the Chain of Request for Analysis Records; and 
Appendix D, the 

. .  P 
Reviewed and Approved: 

~~ ~ 

Beverly L. Leamon 
.Project Manager, Geotechnical Services 

. . .  

“ P L  



Page 2 of 13 
Jenny Vance 
IT Corporation 
November 20, 1992 
Client Project ID: FERNALD OU5 
ETDC Project No.: 483500.048.01 

11. A nalvtical Results/Methodolouy 

REFERENCES : Annual Book of ASTM standards, Section 4, 
Construction, Volume 04.08, Soil and. Rock; Dimension Stone; 
Geosynthetics. EPA SW-846, Test Methods for hraluating Solid 
Waste. 

Moisture Content 
Particle Size 
Atterberg Limits 
Specific Gravity 
Cation Exchange Capacity 
Total Organic Carbon Content 

111. Quality ControL 

ASTZf D 2 2 1 6  
ASTM D 4 2 2 '  
ASTX D 4 3 1 8  
ASTX 0 8 5 4  
SW-846, Method 9 0 8 1  
SU-846, Method 9060A 

Quality control checks such as 
'are not normally applicable to 
to the inability of obtaining 
the heterogenous nature of 
procedures built-in to the analytic 1 method. A 
QC measures to ensure accuracy +ti' precision of ..test resuits 
include the following: - 

100% verif ica on all numerical results -.all raw data 
entries, tran * e  crrptions and calculations entered by lab 
technicians are checked, recalculated and verified. Most 

0 

alculations are performed by computer programs. 

0 Dawvalidation through test reasonableness - summaries 
of all test results for individual reports are reviewed 
to determine the overall reasonableness of  data and to 
determine the presence of any data that may be considered 
outliers. 

. 

Quality control procedures are built into most 
standardized geotechnical procedures. For example, many 
analyses routinely call for a re-analysis, specifying an 
acceptance criteria. 

0 Routine instrument calibration - all instruments, gauges 
and equipment used in testing are calibrated on a routine 
basis. A l l  instrument calibration follows ASTM or 
manufacturer guidelines. 

,. p , . .. P 
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Page 3 of 13 
Jenny' Vance 
IT Corporation 
November 20, 1992 
Client Project ID: FERNALD OU5 
fiDC Project No.: 483500.048.01 

0 Maintenance of all past calibration records - records and 
certification documents of all instruments, gauges and 
equipment are updated routinely and maintained in the 
Quality Control Coordinators Quality/Operations files. 

a Use of trained personnel for conducting tests - all 
technicians are trained in the application of standard 
laboratory procedures for geotechnical analyses as well 
as the quality assurance measures implemented by IT. 

IV. Data Oual ification 

Fine sieve and hydrometer results 
organic debris, soluble salts or other 
the sample. Data points are plotted as 
been made to curve-fit the grainsize 

Total organic carbon content analysis was pe rmed by IT/Austin. 
Specimens from each sample were sent by I g D C ,  according to 
procedure specifications, to IT/Austin for C analysis. The TOC 
results presented in this report wer transcribed directly from the . 

The cation exchange capacity proced P e included analysis of blanks, final report issued by IT/Austin. 

duplicates and a ke. Blanks were found to be less than 
the 0.1 mg/l ICP limit for sodium analysis. The matrix 
spike recovery be 63.0 k. Relative percent difference 
for duplicate samples ranged from 0.7 % to 9.6 %. 

. .  . .  
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Jenny Vance 
IT Corporation 
November 2 0 ,  1992 
Client Project ID: FERNALD OU5 
ETDC Project No.: 483500.048.01 

CROSS-REFERENCE LIST 

~ ~~ 

ETDC SAXPLE NO. CLIENT SAMPLE NO. 

P 
P 

. . . .  . . . .  i ;, '. 
I ., . L. 

. -  . .  

c. 
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Page 5 of 13 
Jenny Vance 
I T  Corporation 
November 20,  1992 
C l i e n t  P r o j e c t  I D :  FERNALD OUS 
ETDC P r o j e c t  No.: 483500.048.01 

SAXPLE ANALYSIS RESULTS 

PROJECT NAME: FERNALD OUS uses SYMBOL: CL 
PROJECT NO.: 483500.048.01 WATER CONTENT, 0 :  21.9 
CUST. SAMPLE NO. : 1055/29-1 LIQUID LIMIT: 25.0 
ETDC SAMPLE NO. : ETDC-2 8 50 PLASTICITY INDEX: 8 . 0  
SPECIFIC GRAVITY: 2.6537 (MEASURED) CATION EXCHANGE CAP.: 18.8 meq/100 g 
TOTAL ORGANIC CARBON: - 

SIEVE ANALYSIS--- ---+--= --- 
_I--- 

- - 
SIEVE NO. 

--.---..-- 
3.0 i n  
1.5 i n  
0.75 i n  
0.375 i n  
NO. 4 
NO. 10 
NO. 20 
NO. 40 
NO. 60 
NO. 140 

P 
No*cJo 

DIAMETER 
(-1 -------.. 
75.000 
37. 500 ''P 4 

2.000 
0.850 
0.425 
0.250 
0.106 
0 . 0 7 5  

PERkENT FINER 
( 2 )  ------------ 

100.0 
100.0 
99.5 

* 9 6 . 5  
95.4 

98.4 

86.9 
85.2 

82.8 
81.6 

. 83.9 

> +HYDROMETER ANALYSIS I 

DIAMETER 
(-1 ..------ 
0 .0508  
0.0374 
0 .0276  
0.0187 
0.0118 
0.0085 
0.0062 
0.0045 
0.0032 
0.0014 

PERCENT FINER 

------.------ 
77.4 
72.2 
65.5 
54.3 

32.7 

22.3 

1 1 . 2  

38.7 

26.8 

18.6 

. . .  

0 
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FERNALD OU5 USCS SYMBOL: CL PROJECT NAME: 
PROJECT NO.: 483500.048.01 WATER CONTENT, %: 
CUST. SAMPLE NO. : 105 5 / 2 9-3 LIQUID LIMIT: 
ETDC SAMPLE NO. : ETDC-2852 PLASTICITY INDEX: 
SPECIFIC GRAVITY: 2.7248 (MEASURED) CATION EXCHANGE CAP.: 18.1 meq/100 g 
TOTAL ORGANIC CARBON: 

14.3 
34.0 
18.0 

-SIEVE ANALYSIS- 

SIEVE NO. 

--.-----.- 
3.0 in 
1.5 i n  
0.75 i n  
0.375 in 
NO. 4 
NO. 10 
NO. 20 
NO. 40 
NO. 60 
NO. 140 

No*40 

DIAMETER 
(m) --------- 
75.000 
37 .500  . Yjg 4 

2.000 
, 0.850 

0.425 
0.250 
0.106 
0 . 075 

P 

( % I  
PER & ENT FINER 

------------ 
100.0 
100.0 
100.0 
100.0 
99.9 
97.9 
93.6 
89.5 
86.2 
86.0 
79.2 

0- -HYDROKETER ANALYSIS 

D m E R  
(-1 

----e-- 

0.0525 
0.0383 
0.0279 
0.0185 
0.0114 
0.0085 
0.0061 
0.0045 
0.0029 
0.0014 

PERCENT FINER 
('1 ------.--.--- 

74.6 
70.0 
64.5 
56.0 
42.7 
32.6 
27.2' 
22.5 
19.4 
12.4 

_.  
. , .  - . .  

: , . <, 8 ': _. '. ., . 
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SAXPLE ANALYSIS RESULTS . 

PROJECT NAME: FERNALD OU5 USCS SYMBOL: CL 
PROJECT NO.: 483500.048.01 WATER CONTENT, %: 14.0 
,CUST. SAMPLE NO.: 1055/29-4 LIQUID LIMIT: 33.0 
ETDC SAMPLE NO. : ETDC-2 8 5 3 PLASTICITY INDEX: 18.0 
SPECIFIC GRAVITY: 2.7456 (MEASURED) CATION EXCHANGE CAP.: 20.4 meq/100 g 
TOTAL ORGANIC CARBON: - SIEVE ANALYSIS 

SIEVE NO. 

---.------ 
3.0 in 
1.5 in 
0-75 in 
0.375 in 
NO. 4 
NO. 10 
NO. 20 
NO. 40 
NO. 60 
NO. 140 

No*Bo 

DIAMETER ' 

(m) -.-----.- 
75 a 000 

0.850 
0.425 
0.250 
0 106 
0.075 

P 

PERkENT FINER 
( 0 )  ---------.-. 
100..0 
100.0 
100.0 
99.4 
98.9 
95.8 
91.5 
87.6 
84.4 
84.0 
76.9 

y H Y D R 0 m E R  ANALYSIS 

DIAMETER 

-------- 
0.0518 
0.0383 
0.0277 
0.0182 
0.0113 
0.0084 
0.0061 
0,0044 
0.0029 
0.0014 

PERCENT FINER 
( I )  -----.------- 

76.9 
70.6 
66.7 

' 59.6 
45.5 
35.3 
29.8 
25.1 

. 21.2 
13.3 

.. 
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1 . 4  , .  . 

ANALYSIS DATES 

~ ~~~ 

I ETDC-285.0 I 'ETDC-2851 
ANALYSIS I (1055 /29-1 )  I (1055/29-2)  

MOISTURE CONTENT 1 1 / 0 9 / 9 2  11 /09 /92  

PARTICLE S I Z E  1 1 / 1 6 / 9 2  1 1 / 1 9 / 9 2  

ATTERBERG LIMITS 1 1 / 1 7 / 9 2  1 1 / 1 8 / 9 2  

SPECIFIC GRAVITY 1 1 / 1 3 / 9 2  1 1 / 1 3 / 9 2  

CATION EXCHANGE 1 0 / 2 3 / 9 2  10 /23 /92  
CAPACITY 

RGANIC CARBON 

4 

ETDC-28'52 I ETDC-285311 
(1055129-3)  (1055129-4) 
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1.0 INTRODUCTlON 

The following secbons * provide a brief description of the Mkrimum Additive Waste 
Stabilization (MAWS) program and slide the speak objectivss of this report. 

1.1 MAWS Program 

The soil washing activities described in this report are in support ofthe MAWS technology 
are'perfomredbym- demonstration program. The sod wash- achhes 

E f l V k ~ s y s t e m s a n d T ~  . c o m p a n Y . T ~ A p p 6 d o m D i v i s i o n .  
Lockheed is pfonnbg M wock under bo 0- the prime MAWS 
c o n t r a c t o r t o ~ N a t i o c w l ~ .  Thevi--(vsL)atthe 
Catholic University of America is COIKklctinQ vitrificabo -ntestingandsystemdesign. 

. .. 

The MAWS program is designed to demonstratethe economkand tedvricalfeasWty 
of an integrated waste treatment process. Thii process is being demonsbaled at the 
US. Department of Energy's Femald Environmental Management Project (FEMP). 
Vication and soil washing are currently being considered as remedial options to treat 
contaminated sludges and soils at the FEMP site. 

The specific objective of MAWS is to demonstrate the feasibility of integrating vitrif~cation 
of the sludge with soil washing and water treatment As shown in Figure 1. contaminated , 
soil residues from the sod washing process are used as silica feed for the sludge 
vitrificationprocess. ThedemotWnbon wii identify what, if any, limits must be 
established for the soil feed. 

The MAW approach has two potential benefits: (1) it reduces the need to purchase and 
proc8ss; and (2) it stabilhes the conwnbw soil residue, add sirhi to the vmkabon 

thereby increasing the overall volume reduction. Water treatment (ionachange) is 
induded to treat contaminated water from the soil washing pocess. Loaded resin from 
the ionexchange system will also be fed to the vitrification plocess. 

. .  

The MAWS program indudes laboratory testing and demonstration of pilot-scale 
-cation and soil washing systems at the FEMP site. The purpose of laboratory testing 
is to provide the data needed to design the on-site demnstmba system. For soil 
washing, this phase of the MAWS project is limited to non-RCRA, uranium contaminated 
soils. RCRA soiis may be evaluated as a part of subsequerrt phases ofthe MAWS 
program. In add~toprovidihg an adequate silicafeedforthevWkatkm process.- 
goal ofthe soil washing system is to reduce uranium -levels in dean soil to less 
than 35 pci/g. 

1 
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'1.2 ' Report Objecthm 
. . .  * ,  .,: ' 

me purpose ofthis report is to summarize the resub of laboratocytesting with a focus 
on provlding the basis for design of the proposed soil washins system. 

2.0 PROPOSED SOIL WASHING SYSTEM 

The proposed system uses physd sepamtion and chemical leaching processes. As 
shown in Figure 2, Soils are fed initialty illto Bn agimed mktankm enoughwatecto 
prepare a slurry of approximately 50% solids by weight The mix tank -the 
day lumps into aconsistentslwrydsdsandorgarticmatter(rwts, grass, leaves, etc.). 
Larger size partides (e.g., gravel) settle to the battom of the tank. The slurry is fed out 
ofthe tank and is pumped to atriple dedc 20, =and 100 mesh (2 mm and =and 149 
micron) screen. These screens r e m ~ y ~  a significarrt fractbn afthe organic matter from 
the sluny. The organic matter caught on these screens is fed bo the vibitication ptocess. 
initial vitrification tests performed by the VSL indicate that the concmtrab 'on of organic 
matter in this feed stream is acceptable for vMicabo * n. The minus 100 mesh (50.8 mm) 
soil that passes through the triple deck screen is fed to a sump and is pumped to the 2 
inch (50.8 mm) cyclone. 

A 

The gravel that settles to the bottom ofthe tan& is fed to a double-ded< 1 inch and 3/8 
inch (127 mm) screen. This screen removes matwid kgerthm Winch gravel priorto 
attrition scrubbing. The material exiting the attrith stxubber s fed through a 20 mesh 
screen. The plus-20 mesh material is combined with the plus48 inch material in a drum. 
This material is sampled to verify that it meets the 35 pCVg criteria The material that 
passes through the s c r m  is fed to a m p  and to being pumpedtothe 2 inch cyclone. 
The cyclone is designed for a 3o-mKxon - sheah Thecydoneunclerlkwisusedassillca 
feed to the vitrification process. The cyclone overflow is fed to the leach system. After 
leaching, the soil is fed to centrifugal decanters to wash.the leach from the soils. 
The washed soil is fed to a 55-gallorr drum and is sampled. The leach liquor is treated 
and reused in the soil washing system. 

3.0 ANALYTICAL M€fHODS 

A general dsarssion of anatytical methods is provided here to assist the reader in 
interpreting the results provided in this report Radioiogii cnatysisin support ofthe 

andtheLoc4rheed~nalyticalLab(lAL).. Ana)ysisattheRTLwsscorrdudedwitha 
gamma spectroscopic mhkhamd analyrer (MCA) 01 a kinetic phosptKwegcerrce 
analyzer (KPA). Data generated bythesemethods meets FEMP Quawy Assurarrce Phn 
Analytical Support Levels (ASL) A d  8. Anatysis atthe LALwascondudedushgan 
alpha specbometer or KPA Data generated by these methods meets ASL C and D. 

laboratory tests were conducted at the Lod<heed RemedWm T=tm-(Rn) 
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~ b o f r a d i o k g i d  anatysis in this report are iderrtifiedasbebrggmmtedatthe Rn 
wLAL Thereportatsoindicatestheanatyticalm@pment used (e.g., MCA, KPA). In 
general, sam- were submitted to UU to confirm that a proposed process would meet 
the target deanup timit 

The corresponding Rn and lAL anafytical procedures are m i l e  upon Of 
particular note is the digestion method used for KPA samples. The RTL-KPA procedure 
uses a HNO, digestion. The nitric acid digestion is appropriate for FEMP soils since 
except for incinerator area soils, wanium is not expected to be &actory with the soil. 
Nonetheless,sampleswerealso~ - totheLALto~treatabilityresufts.The 
IAL-KPA uses a rnicmmm PI- mat USBS HF, H a  8rld HNO, and 
providesforacompkbdigestion 

4.0 SOlLC-CS 

The soil used in these laboratary studies came from the FEMP Plant 1 pad area As 
shown in Figure 3, these soils are from the area identified as SP4. The following 
d o n s  d e s c n i  the q u a l i e  and quantitative soil charactwktks as they relate to 
design of the soil-washing demonstratKxr system. 

4.1 Qualitative Description 

The FEMP soils evaluated Corrta'ned significant amounts of organic matter (8.g.. grass, 
roots, etc.). This organic matter is often matted together or bound in day lumps. The 
clay lumps are not easily broken up. The lumps were elastic and shearing action was 
required to break them up. The soil contained way few rocks hrger than one indr. The 
r d s  were often atEached to day and frequmttyfound within chy lumps. 

a 
4.2 Particle Sire Distribution and Activity 

The partide size distribution and activity assoa'ated with each size fraction is shown in 
Table 1. The majority of the Plant 1 Pad soils were in the minus 325 mesh (45 micron) 
fraction, and all .soil fractions evaluated were above the 35 p a  limit. Typicalty, soils in 
the +lo0 mesh range are most amenable to physical soil-washing techniques (e.g., 
attrition scrubbing, gravimetric separation). Using physical separabion techniques alone 
to washthe +1OOmeshfractiort Wouw rmuh in lessthan2O%volwne reduction. ttwas 
therefore conduded that lead'ling Hloukl be required to meet the 35 p#g aiteria and 
achieve significant vob~me fedudion. 

5 a 
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SlZE FRACTION 

+ 10 mesh (4.76 . 

TOTAL 

44.8 g -929 -7 203 

37.2 4 . 24? . 162a6 

' Determined by RlL-MCA 

4.3 Silica Content 

.* 
. . .  

The relative silica content of each soil fraction was evaluated by microscopic point count 
of silkate partides (e.g., SO& Each fra- was exammed Undera- to 
estimate the perantage of- h thatfractkn. Based on this method, the rrdnw-lo0 
mesh and plus-30 micron fraction was found to have the highest s i i  content Ana)ys$ 
by the VSL indi ies that the average silica (SO3 content in this fraction is appfoxhatdy 
71 %. 

5.0 PHYSICAL TREATMENT/PRE-TREATMENT METHODS 

Because of the soil characteristics identified in Section 4.0, tests focussed on techniques 
that would (1) break up day lumps, (2) reme organic matter from the s0a matrix, and 
(3) wash the coarse fradion @ius 100 mesh). 

5.1 Deiumping Testa 

'L 

7 W 
. . ' I  

. . . .  
. . .  
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of using gentle agbtionto breakup day balk and tiberateorgmict-mtterfromttred 

soils. The second and third tests focussedon determining specific opwathg patameters 
(e.g., agita!jon time required, ratio of soil to water) and eAuathg methods of -on. 

5.1.1 Delumping Test 1 

Three w o n  drwns of soil (selected at random) were a m  to approximately 30 
gallons oftap water in a square 5o.E)allon tank, A square tank was used to enhance 
agitabn afthe Sany (e.@, the comets dthe tanks ad asbarnee). The soils and wa!er 
were agitatiedoveca 12hourperkd usingtwoaSita20(3withGind,dDameterprops 
operatingat288ipm. 

D w i n g a 5 l i t a t i o n , t h e m u d b a l l s ~ ~  ~ ~ t h e ~ a n d a e o w i n g  
the days, silts, and sand to becune suspmdd The - matwid (e.g., gravel) that 
remainedatthebattomindudedday!3thatwerecaugtrtinthe~comersotthetank. 
The Slurry was pumped, via a submersible pump, through a 50 mesh sieve. The fract&n 
remaining on the screen was dried and counted. The screen undertkw was then 
pumped, via submersibie pump, through a 100 mesh sieve. .-This fmction was atso dried 
and counted. The 1OOnresh sieve underflow was pumped through a 24& Krebs 
cyclone to make a 3(knicron size cut 

ofthe soil after agitation is shown mTaMe 2 The organic The soil size d i i  
matter, days, silts, and sand that became %uspendm9 is refened to as the suspended 
fraction. The coarser material that remained at the buttom of the tank is referred to as 
“bottoms‘ in Tubk 2 Of partiarlat note is the large f r a c h  of organic matter (as., 
fractions containing over.=% total organic carbon). The organic mat!er contajned high 
levels of activity relative to the other soil fractions. The organics are leachable, but 
required sigrWcandy increased chemical usage, partiarlarty use of ooddants. The 
organics can also create material handling problems (0.g.. pbg cycbnes and p~ocess 
tines). S i i t h e  organics can be easily destroyed in the vitrification process, this fraction 
will be removed from the soil matrix (through screening) prior to leaching. 

. .  

’ This test demonstrated that slow agitation is effective in preparing a slurry for processing 
through screens and a cydone prior to leaching. The slwry generated by this p~ocess 
passed easily Uuough the 50 and 100 mesh screens. OrganiCmaMal mattedtogether 
was broken up and mkased from day lumps. The agktion pocess did not shred the 

mesh screens. The agitation process also washed the p b 4  mesh hdb, reducing 
organic matter, anowing itto be effectivety r e m o v e d f r o m t h e ~  in the so and loo 
activity levels to bekw 3s pci/g. 

8 

. . .  - .  
~ I 



: . . .  , .  . . .  * 
.. . .. 

e 

e 

Y 

*. - - *  836 
TABLE 2 

' Determined by RTL-MCA 
Fraction contained amount of organic mer. Tatal Organic Carbon >2!% 

5.1.2 Delumping Test 2 

The purpose of this test was to determine the density of the suspended material and how 
long the soil and water must be agitated before processing. In this test, another three 
S-gallon drums (selected at random) were mixed with 30 gallons of water and agitated 
in the same configuration described above. Density measurements of the suspended 
material (using a Marcy Scale) were taken every hatf hour. 

As shown in Tablo 3, a W of 79% afthe sdid mafefial was h sqmmbn within 1.5 
hours. This rate is likely to be higber with more Medive agWm (0.g.. in a cylindr)cal 

delumping soils for processiry) in a small scale system. 
rnertharlsquaremk). Thi !?~demonst ra ted tha t th ismethodwss~for  

e 
9 
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TABLE 3 

5.1.3 WumplngTe8t3 

The purpose ofthii test was totest an aftmath dektmping method and detemdne ifa 
higher sluny densiity could be achieved &e., use less water in the m b c ~ ) .  krthiSt8St 
aoneS.gaBondnJrnandeigMgatkrrsofwaterwereaddedtoa&umtypecementm&ef. 
As shown in Tabh 4, a total of4796 SOWS (of a maximum of-) was achieved withir 
30 minutes. The density mkl orrfy Sriihtly in mhsmmmb taken at 0.8 and 1.35 

delumping method at intervats shorterthan the 1.0 and 1 5  hour intervals used in the 

delumped in 0.5 hour. 

hours. ~itywasmeasuredat0.8and1.35hountoassesstheeffectiveness ofthe 

previoustests. This test demorrstratedttlat near)yansolid material cou#.be- 

TABLE 4 

DELUMPINQ TEST 3 I 

- .  .. . 
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5.2 ScmingTest8 . 

The purpose of these tests was to determine the effectivenass of v i i n s r  screens in 
removing Organia and in making selective partide size fradoWon. -Tests were 
conducted with flatdeckvbrathg screens and gyrabfy s~88cr). h botht8sts. samples 
werefirstdetumpedbythemethadsdescribedin~teskland2 Inthefirst 
test using the flat deck screen, the suspended material was pumped through a double 
deck 50 and 100 mesh screen. lhe 50 mesh screen removed- bufk ofthe organic 
matter, keephgthe 100 mesh -from b6dng. 

Inthesecondtest,wMehrrsedgyrsdPrysaeens,thesLny-kstpunped~a 
s m e s h s c r e e n a n d t h e n a ~ 5 0 d 1 0 0 m e s h s w m  Tho4meshsasen 
captured as@Mcantvohm oforganic matber, reducingthe bad on the 50 end 100 
meshscreen. T h e ~ ~ w e r e m m ~ t t m t h e m ~ ~ h  
d e a r i n g t h e ~ m a d b e r o f i t h e s c i b e n a n d n r e r e ~ ~ a 8 ~ b e s t  
ofthetwo- methods.Subsqmtaes&0*thata~meshsaeen 
was more effective than the 4 mesh screen in removing organic matter. As a result, field 
tests will use a 20 mesh screen. 

5.3 Flotation Te&s 

A series of froth flotation tests were performed to determine ifthis method could be used 
to remove organics from the soil matrix. Si- amounts of uranium and organic 
matter were removed with the froth fldation tests amducbdvvwl pine oil and kerosene. 
However, a significant amount of fine soil partides were also removed with the froth. 
Since screening proved to be effecthe in removing orgarrics, additional testing to 
determine afktation method more selective for organics was not conducted, 

5.4 Attrition Scrubbing Tests 

Initial attrition scrubbing tests were conducted with minus-4 mesh material. lhese tests 
indicated that attrition scrubbing was ineffective in cleaning the entire minus4 mesh soil 
fractions. In addition, the scrubber tended to shred organic matter. This test resutted in 
a higher organic content in the fine soil fraction and made screening less effective in 
removing organics. 

As a resuft of these initial tests, subsequent testing focused on using the minus4 m'esh 
plus-lo0 mesh fraction in the attrith mbber. Two tests were condclcted with 15. 
minute retenth time at 15OOtpt-n at&% solids. Thesetesbwere also condudedwith 
andwithouttheadcrrtionofcarbonateleachhgdution IneaehtesttheacWyofthe 
input sample was 467 pWg (RTL-MCA). W w  the IeachsoMh, the d v i t y  h the 
coarse fraction was reduced to 76 pWg (RTL-MCA). With aO.l-mdar carbonafe leach 
system, Was to 14.7 pci/9 (FITL-MCA). - 
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6.0 CHEMICALTREATMENT 
A_. _ I . . . . -  ... . 

The soib for leach tests 1,2, and 3were generated in a manner- the pdeach 
processing stages irrthe proposed soil-washing system. Three 5 g a h  samples of 

. FEMP soils, were mixed with approximately 75 gallons of water and agitated as described 
in Section 5.1.1. The slurry was fed through 50 and 100 mesh screens. Further she 
fractionation was accomplished with a 2 inch cycbne. F m  the cydone wedow, a stock 
slurry of 2ooo mL was collected for leach expwhmts . Forthettweemtes2B 
conducted, the stock slurry was mixed by inverting the 2OOO mL Menmeyer flask 10 
times before pouring a 500 mL afiiot into a lo00 ml beaker equipped with a magnetic 
stimng bar. 

c 

To begin the leaching process, amnionium bicarbonate (NH,HCOJ, sodium carbonate 
(Na,COJ and potassium permanganate (KMn0,) powders were added to the slurry, then 
pH and temperabrte recorded. To m u r e  adequate oxidant, 0.5 to 1.0 g portiom of 
KMnO, were added when the MnO, color had markecay &a@ated. A tatelof2 4, and 
3 g of W, were added during leach tests 1,Z  and 3, mspdvdy . &summarired 
below, aliquot samples of 25 mL were taken over time for analysk d urankm 
commmmm. T h e o a t a l u t a n i u m ~ o f t t r e & l p u t ~ w a s m e s s u r e d b y  
WAanalysisin the RLTandthe IAl. Thereadtsofeaeh~areasrolows:  2389 
ug(g O ( P A )  and a44 +/- 70 Uglg (ML-KPA). 

12 



836 

TABLE 5 

U C H  TESTS 1,s AND 3 

6.2 Tesb 4,5,6, and 7 

Samples for these tests were generated by the method descriljed above (e.g., processed 
in an agitated mk tank, screens, and a cydone). The sample had, however, been dried. 
To form a sluny with this material, it was crushed with a mortar and pestle and passed 
through a 50 mesh screen. Four samples were split out from his blended material. The 
net weight and uranium concentrations (RTL-KPA) are shown belaw in Tabk 6. 

.. . 

13 
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6.2.1. Tert 

Reagents: 6.70 g NH4HC03 (0.1M) Average Tempwahm: 60° C 
8.98 g WCO, (0.1M) 
8.49 gKNlrr0, 

The waniumconcentraborw (LAL-KPA) in the final leach 
Table 7. 

are shown bebw in 

TABLE 7 

. ._  . 
. ,, . . .  . .  
. .  . .  
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Tests6andR 

Tests 6 and 7were conduc&ed using samples C and D. The same afnount ofoocidant 
used in tests4and Swas added. Thetestswere nm overanwlour period asfosows. 

TABLE 8 

. . .  . . . .  ._ .. ... ' : . ' . .  s .  . . . .  ...:,c . . . .  

. .  

. .  .... 
:. . n ,  . . . .  , :  . . . .  
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.. I Test '&Reagents: .. 36.8 g' NH,HCOi (2M) . Average T e r n p e r a U e : ~ ~  . . . . . .  

' . .  ' 23.3 g-KMno, " . . , . .  
. .  . .  .. . . .  . .  . . . .  . . . .  

. . .  

-. 49.4 $ WCO, (2iq . -  
. .  

. 400 c . . . . . .  

' 0  :: . , 

. - ,  
. . ,  

Test 9-Reagents: 36.8 'g NH,HCO, (.1M) Average Temperahrre. 
. .  . .  

. . , .  . 
. . .  . .  

. .  49.4 g. Na2m; (.1M)' , . . .  . . .  
. .  

. .  23.3 $ W e  , :.. 

. -  

... . .  . . . .  
. .  . . .  . .  

. .  

. .  

. .  

. : 
, .  

. .  . .  

6.3.1 TdR08ub . . . .  

The uranium (UL-KPA) in theinibhl samples afthe dl before leach and I 

leach residue8 at& 4, and 6 hour intervats an, shown below Tablo 0. 

TABLE 9 

a 
These tests show significant uranium recovery within 2 hours of leaching. The tests at 
40 degrees and ambient temperatures showed a similar recovery trend at 2 and 4 hours. 
The concentration in the ambient leach test at 6 hours is likely due to analytical problem. 

and400C. 
The resutts also suggest that similar results may be achieMwe at ambient temperature. 
Further testing will be conducted to evaluate performance at ambient temperatures. 

These tests confirm performance of leaching at 02 rn reagent concentrat##l - 
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TABLE 10 

a 

Feed 1,190 1,142 

-1 42 I 1  

EfmJent2 4) 94 

These results show the resin became loaded with urankllll and w88 less effective in 
removing the uranium from the centrate as the loading increased as would be expeded. 
The resin achieved a loadins af approximately 27 RWR? The test resub indicated that 
the ion-exchange resin works with the carbonafe leach cmtrate generated by the soil 
washing system at typical uranium concerttrations to be e>cperienced in the field. 

These tests do not reflect the calcmtmm of uranium thatwil be retumed to soil 
washing from iorr-exchange. lhe msite ion-exchange system is designd to provide 
recycle a water at aflessthanlmg/lwanium 
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9.0 CONCLUSJONS 
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